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WARRANTY

MACKAY COMMUNICATIONS warrants that: (A) for Mackay manufactured equip-
ment sold hereunder for a period of 18 months from Mackay's shipment date or 12 months
from Buyer's acceptance, whichever ends first, said equipment shall be free from defects
in material and workmanship and conform to Mackay's equipment specifications; (B) all
service work shall be performed in a good and workmarnlike manner and shall be free
from defects in workmanship for 90 days from work completion; and (C) all parts supplied
whether in connection with service of the equipment or as a replacement shall be free
from defects in material and workmanship for a period of 90 days from Mackay's shipment
date, or, if installed by Mackay, from the installation date.

If a defect occurs within the warranty period, Buyer shall notify Mackay immediately and
Mackay shall: (A) as to Mackay manufactured equipment sold hereunder, repair or
replace defective equipment free of charge, upon its return, shipping charges prepaid to
Mackay Communications, Raleigh, NC; (B) as to service work performed hereunder, for
90 days after completion of any service work that was not performed in a good and
workmanlike manner, to reperform it, and as to any defective part supplied therewith, to
replace or repair and reinstall it, and (C) as to any other defective part, to repair or replace
it with a new part (but not reinstall it) provided the defective part is returned, shipping
charges prepaid, to Mackay's designated location. Equipment furnished by other vendors
and sold by Mackay shall only have the vendor's warranty, which shall be passed on to
Buyer to the extent possible. :

This warranty does not apply to defects not caused by Mackay (for exarnple, accidents or
abuse, work or installation done improperly or contrary to Mackay's standards) or to
equipment on which the model or serial numbers, manufacture or shipment dates are
changed or Eemoved.

NO OTHER WARRANTY, EXPRESSED OR IMPLIED, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTIBILITY AND FITNESS FOR A PARTICULAR
PURPOSE, SHALL APPLY.
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SECTION |
INTRODUCTION

1.1 SCOPE

This instruction manual contains in-
formation necessary for the instal-
lation, operation and maintenance of
the transceiver.

1.2 DESCRIPTION

The transceiver is a compact, rugged
military-type 120 watt transceiver
covering 1.6000 MHz to 29.0000 MHz.
The transceiver can operate either
simplex or half-duplex in channel-
ized wmode or simplex in frequency
mode. Ten half-duplex channels,
storing frequencies and modes are
available and may be  programmed
from the front panel. Receive and
transmit modes are AME (upper side-
band with full carrier), W (1 kHz
keyed tone), USB, LSB and FSK (RTTY
or FAX with additional modems). The
transceiver is mechanically and
electrically designed and packaged
to meet military specifications for
vibration, shock and environment.
The transceiver is sealed against
dust and spray, making it ideal for
for exposed mobile as well as base
station installations. The trans—
ceiver can operate in temperatures
from -30°C to +65°C and in 0 to 95%
relative humidity.

The transceiver has been designed
and constructed to facilitate quick
and easy field <service and/or
repair. Featuring modular construc-—
tion, the front panel, rear panel,
and power amplifier assemblies are
removeable with only a screwdriver
and the PC boards simply unplug from
the mother board.

The transceiver is composed of eight
major subassemblies. A general de—

scription and function of these
assemblies are provided in Sections
1.2.2 through 1.2.9 and the location
of these subassemblies can be found
in Figure 1.1.

1.2.2 CHASSIS/MOTHER BOARD

All subassemblies in the transceiver
are electrically or wmechanically
connected to the chassis/mother
board. The chassis houses all nlug-
in PC boards and provides shielding.
The mother board contains all inter-—
connecting wiring in the trans-
ceiver. All plug-in PC boards con-
nect to the mother board through PC
edge connectors. Keys on the con-
nectors discourage plugging PC
boards in the wrong slots.

1.2.3 FRONT PANEL ASSEMBLY

The front panel is a rugged aluminum
casting to which all controls are
mounted. The control shafts are
sealed against water and dust entry
and the speaker is waterproof. The
LED displays and display driver cir-
cuitry are mounted on the front
panel board which attaches to the
panel. The panel assembly can be
removed by removing four screws and
two ribbon cable connectors.

1.2.4 LOGIC BOARD

The logic board contains the micro-
processor, memory and transceiver
control logic and the coupler inter-
face logic. The transceiver channel
memory is a CMOS type which is kept
alive by a lithium battery with a 10
year typical life. Signals from the
logic  board provide frequency
information to the synthesizer and
band and mode information to the
receiver/exciter modules.

1-1




ITT B ESEY

POWER AMPLIFIER

ASSEMBLY
REAR PANEL

. Doy ; ASSEMBLY

POWER
SUPPLY

RECEIVEFR/
EXCITER
SECTION

SYNTHESIZER
SECTION

LOGIC BOARD CHASSIS (MOTHER—
FRONT PANEL BOARD LOCATED
ASSEMBLY UNDER BOTTOM COVER)

Figure 1.1 Major Subassembly Locations
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1.2.5 RECEIVER/EXCITHR

The receiver/exciter consists of
eight PC boards: (1) speaker driver,
(2) transmit wmodulator, (3) audio/
squelch, (4) IF filter, (5) mixer,
(6) high pass filter, (7) half-
octave filter and (8) noise blanker.

In the transmit mode, the receiver/
exciter takes inputs from the micro-
phone or other source and the synth-
esizer, then generates the proper
signal to drive the power amplifier
(PA). In the receive mode, the
receiver/exciter path processes the
received signal from the antenna to
the speaker, using inputs from the
synthesizer.

A double conversion scheme is used,
with the first intermediate frequen-
cy (IF) at 59.53 MHz and the second
IF at 5.00 MHz. Two sets of crystal
filters (one set at each IF) deter-
mine the radio bandwidth.

A signal compressor on the transmit
modulator board improves the peak-
to-average power ratio for more
effective communications.

The squelch circuit on the audio/
squelch board is voice-frequency
activated. This reduces random
breaking and is designed so that
strong signals (>30 pV) will break
the squelch regardless of the con-
trol position. The noise blanker
helps remove vehicle ignition inter-
ference while receiving. It may be
activated as needed by pulling out
the squelch control.

1.2.6 SYNTHESIZER

The synthesizer consists of four PC
boards: (1) major loop, (2) trans—
lator loop, (3) minor loop and (4)
reference board. The synthesizer is
a three loop design which provides

TIT

the receiver/exciter with the first
local oscillator (1O) from the major

loop board, the second LO from the
translator loop board and the third
I0 from the reference board to the
receiver/exciter. All frequencies
are derived from a temperature com-
pensated crystal oscillator (TCXO)

on the reference board. The refer-
ence board also furnishes the 1 kHz
side-tone used for CW. If a fault

causes any of the loops to lose
lock, the loss~of-lock LED will
light on the appropriate board(s)
and transmission and reception will
be inhibited. Figure 1.1 shows the
locations of the loss-of-lock LEDs
and other adjustments.

1.2.,7 POWER SUPPLY MODULE

The power supply module furnishes
regulated +5 and +9 VDC to the
transceiver. The power supply is a
switching type for good efficiency
and operates from either input volt-
age of 12 or 24 VDC. This module
plugs into the mother board.

1.2.8 REAR PANEL ASSEMBLY

The rear panel assembly is an alumi-
num casting which contains the PA
assembly and various connectors. It
attaches to the transceiver chassis
with four screws and is easily re-
movable as a unit. Fiqure 1.1 shows
the locations of the various rear
vanel  assemblies, connectors and
fuse locations.

1.2.9 POWER AMPLIFIER ASSEMBLY

The power amplifier (PA) is a solid
state broadband amplifier rated at
125 watts peak envelope power (PEP)
and 125 watts average into a 50 ohm
load. The unit is cooled by a heat-
sink on the rear panel and requires
an optional blower only when the
transceiver is to be used for con-
tinuous operation.
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The PA is manufactured in two ver-—

sions, 12 or 24 volts.

ating

ceiver
-selection.

The oper-
voltage for the entire trans-

is determined by the PA
This means that the

transceiver may be easily changed

from

other,

one operating voltage to the
even in the field, by simply

changingy the PA assembly.

1.3 SPECIFICATIONS

1.3.1

1.3.2

1.3.3

1.3.4

1.3.5

1.3.6

FREQUENCY RANGE

1.6000 MHz to 29.9999 Mz in
100 Hz steps.

CHANNEL STORAGE

10 simplex or half-duplex
(field programmable)

FREQUENCY STABILITY
+1 ppm from -30°C to +55°C
OPERATING MODES

USB, LSB (A3J upper and low—
er), USB reduced carrier
(A3d), AME (A3H), CW (Al),
FSK (Fl) (with PA fan option
and modem)

POWER INPUT

12V unit: +13.2V + 10%
Receive: 2A Max.
Transmit: 30A
Max.

24V unit: +26.4V + 10%
Receive: 2A Max.
Transmit: 20A
Max.

TEMPERATURE RANGE

-30°C to +55°C (to +65°C with
reduced performance)

1.3.7

1.3.8

1.3.9

1.3.10

1.3.11

1.3.12

1.3.13

HUMIDITY

95% RH at +50°C

SHOCK

MIL~STD 810C Method 516.2,
Procedure 1, Figure 516.2-2
(with shock mounts)

VIBRATION

MIL-STD 810C Method 514.2,
Figure 514.2-6, Curve V (15
to 200 Hz) (with shock
mounts)

ENCLOSURE

MIL-STD 108E, splash proof,
Table II

SIZE
13.2 x 37.3 x 42.2 cm (HxWxD)
5.2 x 14.7 x 16.6 in (HxWxD)
including handles and heat-
sink
WEIGHT
15 kg (33 1bs.)
TRANSMITTER
a) Power Output:
125 watts PEP and average
+ 0.5 dB

b) AME Carrier Power:
35 watts nominal

c) Harmonic Suppression:
45 dB, 50 dB typical

d) IM Distortion:
30 4B below PEP, 33 dB
typical

Sideband Sup-
-50 dB at 1

e) Undesired
pression:
kHz

f) Hum and Noise: =50 4B

%k:.:w:— 3 [ aeacs ?:E
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1.3.14

g)

h)

i) Transmitter Audio
Response: 6 dB, BW 300- 3
kHz (6005 input).

RECEIVER

a) Sensitivity:

SSB: 0.5 w for 10 dB
SHN/N

AM: 3 yV for 10 dB S+N/N

b) Selectivity:

6 dB Down 60 dB Down

SSB: 2.7 kHz min 6.0 kHz
max

AME: 5 to 7 kHz 20 kHz
max

c) Audio OQutput:
Speaker: 4W at less than
10% distortion.
Phones: 10mW at less than
5% distortion. (10% AM),
Rear Panel: 600 ohm
balanced, +10 dBm at less .
than 5% distortion (10%
AM) .

d) AGC Characteristics:

Voice Compression: _
Average power output 1n-
creases 1 dB or less for
10 A3 increase in audio
input (can be disabled by
internal strapping if
required).

Audio Input:

600 ohm balanced, rear
panel, -15 to +10 dBm for
rated output. Carbon,
high or low level dynamic
microphone, front panel.

< 3 dB output change for
an input change from AGC
threshold (Type 10 uV) to
1.0 vV, USB or LSB.

Decay Time:

AME, USB, LSB, 500 msec.
CW, FSK, 50 msec.

e)

£)

9)

h)

i)

)

k)

ITT

IF and Image Rejection:
80 dB

External Spurious
Response: - 60 dB

Internal Spurious Response
99,5% of frequencies be-
low 0.2 W equivalent
noise input

Clarifier Range:
+250 Hz minimum (+ 200 Hz
minimum when MSR 6400

Remote Interface Board is
installed).

Intermodulation (In Band):
30 dB below two equal 0.1V

(=7 dBm) signals in 3 kHz
bandwidth

Intermodulation (Out of
Band) :

70 dB below two equal 3 mvV
(=37 dBm) signals

Front End Protection:
Input will withstand 22V
RMS (+40 dBm) indefinitely

1.4 EQUIPMENT SUPPLIED

1.4,1 TRANSCEIVER, -

1.4.2

Part Number

690022-000-010 - 12V, Grey
690022-000-011 - 12v, O.D.
690022-000-012 - 24V, Grey
690022-000-013 - 24v, O.D.

KIT, ACCESSORY - Part Number
690022~017-001 consisting of:

a)

b)

c)

Connector, Audio, MS3106A
20-29P - Part Number
600375-606~-006

Connector, Accessory,
MS3106A 28-21P - Part Num-~
ber 600375-606-004

Fuses, 10 Amp, Slo-Blo (5)
- Part Number 600006-396-
033
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d) Fuses, 30 Amp, (5) - Part
Number 600016-396-046

e) Clamp, Cable for Accessory
Connector, (1) - Part Num—
ber 600376-606-003

f) Clamp, Cable for audio
Connector - Part Number
600376-606-002

g) Connector, RF, PL~259 -
Part Number 600244-606-001

h) Reducer, PL~259 - Part
Number 600244-606-002

i) Microphone, Hand - Part
Number 600352-713-001

j) Cable, Power — Part Number
600452-540-001

k) Manual, Technical - Part
Number 600285-823-001

1.5 OPTIONAL EQUIPMENT - NOT

1.5.1

105.2

SUPPLIED

MSR 4020A COUPLER, AUTOMATIC
ANTENNA , ~ Part Number
600233-800-xXXX

SHOCK MOUNT KIT, COUPLER -
Part Number 600233-817-006

1.5.3 SHOCK MOUNT KIT, TRANSCEIVER -

1.5.4

Part Mumber 600058-700-001

RACK MOUNT KIT, TRANSCEIVER,
19" —part Number 600059-700~-
001 (Grey) PN 600059-700-002
Green (0.D.)

1.5.5

1.5.6

1.5.7

MICROPHONE, DESK - Part Num-
ber 600013-386-001

HANDSET, H-250/U - Part Num-
ber 600021-386~-001

HEADPHONES, H-251/0U - Part
Number 600036~386-001

1.5.8 KEY, OW -~ Part Number 600367-

1.5.9

1.5.10

1.5.11

1.5.12

1.5.13

1.5.14

1.5.15

1.5.16

516-001

FAN KIT, PA - Part Number
600072-700-001

POWER SUPPLY, MSR 6214, AC
to 12/24 vpC, - P/N 697007-
000-001

MSR 6400 REMOTE  CONTROL,
FULL FUNCTION = Part Number
699023~-000-00X

KIT, DEPOT, SPARE PARTS -
Part Number 600060-~700-001

KIT, PC BOARDS, SPARE -~ Part
Number 600061-700

PA MODULE, SPARE, 24V - Part
Number 600407-705-001

PA MODULE, SPARE, 12V - Part
Number 600407-705-002

CABLE ASSEMBLY RF, WIRED,
RG58 A/U WITH UHF MALE
(PL259) AND TYPE "N" MALE

(UG-536) CONNECTOR - Part
Number

600491-540-001 - 10 Ft.
600491-540-002 - 20 Ft.
600491-540-003 - 30 Ft.
600491-540-004 ~ 40 Ft.
600491-540-005 - 50 Ft.
600491-540-006 -~ 75 Ft.
600491-540-007 -~ 100 Ft.
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1.5.17 CABLE, RF, RG-58 A/U (SPECIFY

LENGTH) - Part Number 600016-
102-001

1.5.18 CABLE ASSEMBLY RF, WIRE, RG-
213U WITH UHF MALE (PL259)
AND TYPE "N" MALE (UG-21D/U)
CONNECIORS - Part Number
600492-540-001 - 10 Ft.
600492~-540-002 - 20 Ft.
600492~540~003 - 30 Ft.
600492~540~004 - 40 Ft.
600492~540~-005 - 50 Ft.
600492~540-006 - 75 Ft.
600492~540~007 -~ 100 Ft.
600492-540-008 - 150 Ft.
600492-540-009 - 200 Ft.

1.5.19 CABLE, RF, RG-213U (SPECIFY

LENGTH) Part Number 600017-
102-001 (Recommended for in-
stallations of 30 meters (100
feet) or longer)

1.5.20 INTERCONNECT CABLE ASSEMBLY,

ANTENNA COUPLER, WIRED,
CONNECTORS -  Part

600686-540-001 - 10 Ft.
600686-540-002 - 20 Ft.
600686-540~003 - 30 Ft.
600686-540~004 - 40 Ft.
600686-540-005 — 50 Ft.
600686-540-006 -~ 75 Ft.
600686-540-007 ~ 100 Ft.
600686-540-008 - 150 Ft.
600686-540-009 - 200 Ft.

WITH
Number

1.5.21 CABLE, COUPLER CONTROL (SPEC-

IFY LENGTH) -
600069-102-009

Part Number

1.5.22 INTERCONNECT CABLE ASSEMBLY,

1.5.

23 CABLE,

WIRED, FULL FUNCTION REMOTE
CONTROL - Part  Number
600493-540-001 - 10 Ft.
600493~-540-002 - 25 Ft.
600493-540-003 - 50 Ft.
600493-540-004 - 150 Ft.
600493-540-005 - 200 Ft.

FULL FUNCTION REMOTE

CONTROL (SPECIFY LENGTH) -
Part Nimhaw £00NT71.1N2=002

1.5.24

1.5.25
1.5.26
1.5.27

1.5.28

1.5.29

1.5.30

1.5.31

1.5.32

1.5.33

1.5.34

TTT

INTERCONNECT CABLE ASSEMBLY,
WIRED, AUDIO REMOTE CONTROL -
Part Number

600464-540-001 - 10 Ft.
600464-540-002 - 20 Ft.
600464-540-003 - 30 Ft.
600464-540-004 - 40 Ft.
600464-540-005 - 50 Ft.
600464-540-006 - 75 Ft.
600464-540-007 -~ 100 Ft.
600464-540-008 - 150 Ft.
600464-540-009 - 200 Ft.

ANTENNA, 9 FOQT WHIP -Part
Number 600015-398-002

ANTENNA, 16 FOOT WHIP - Part
Number 600015-398-001

BUMPER MOUNT, 9-16 FOOT WHIP
— Part Number 600020-398-001

SPRING, HEAVY DUTY BUMPER, 9-
16 FOOT WHIP - Part Number
600020-398-002

ANTENNA, LESS MOUNT,
WHIP -
398~-001
low)

23 FOOT
Part Number 600019~
(Use with 1.5.35 be-

ANTENNA, 23 FOOT WHIP (with
flange mount) - Part Number
600019~398-001

MOUNT, LAYDOWN, 23 FOOT WHIP
— Part Number 600019-398-003
(Use with 1.5.34 below)

ANTENNA, SECTIONALIZED WHIP,
32 FOOT - Part Number 600018-
398-001 (Use with 1.5.38 or
1.5.39 below)

ANTENNA, SECTIONALIZED WHIP,
16 FOOT - Part Number 600018-
398-009 (Use with 1.5.38 or
1.5.39 below)

MOUNT, FLANGE FOR 16 AND 32
FOOT ANTENNA - Part Number
600018-398-007 (Use with

1.5.36 and 1.5.37 above)
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1.5.35

1.5.36

1.5.37

1.5.38

1.5.39

MOUNT, FEEDTHRU FOR 16 AND 32
FOOT ANTENNA - Part Number

600018-398-007 (Use with
1.5.36 and 1.5.37 above)

MOUNT, FEEDTHRU FOR 16 FOOT
ANTENNA COAX CONNECTIONS WITH
HEAVY DUTY SPRING - Part Num—

ber 600036-398-001 ({Use with
1.5.37 above)
MOUNT, FLANGE FOR 16 FOOT

WITH HEAVY DUTY SPRING -
Part Number 600035-398-001
(Use with 1.5.37 above)

MOUNT, VEHICULAR FOR 16 FOOT
ANTENNA WITH FEEDTHRU MOUNT
SIDE BRACKET AND ASSOCIATED
MOUNTING HARDWARE - Part Num-—

ber 600233-817-008 (Use with
1.5.37 above)
RACK MOUNT KIT, MSR 6214 -

Part Number 600209-700-001

1.5.40

1.5.41

1.5.42

1.5.43

1.5.44

1.5.45

1.5.46

PC BOARD EXTENDER CARD - Part

Number 601198-536-001  (Two
required on certain PC
boards)

PC BOARD EXTRACTOR - Part

Number 600268-618-001

DEPOT SPARE PARTS KIT FOR MSR
6214 POWER SUPPLY (12/24V) -
Part Number 600208-700-001

POWER SUPPLY MODULE EXTRACTOR
- Part Number 600270-618-001

26 VOLT DC CONVERTER, RE-
QUIRED WITH FULL  FUNCTION
REMOTE FOR 26 VDC OPERATION
- Part Number 600287-537-001

REMOTE OPTION (FACTORY
INSTALLED) - Part Number
600219-700-001. Required

when MSR 6400 remote is to be
used.

POWER CABLE, MSR 6214 - Part
Number 600870-540-001
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SECTION 2
INSTALLATION

2.1 GENERAL

This section describes the installa-
tion procedure for the transceiver,
Included within this section are
procedures for unpacking, inspection
and, 1if necessary, reshipping.

2.2 UNPACKING AND INSPECTION

Unpack the transceiver and make cer-
tain that all equipment outlined in
Section 1.4 is present. Retain the
carton and packing materials until
the contents have been inspected.
If there is evidence of damage, do
not attempt to use the equipment.
Contact the shipper and file a ship-
ment damage claim.

2.3 RESHIPPING

If return of the transceiver should
become necessary, a Returned Materi-
al (RM) number must first be
obtained from the factory. This
number must be clearly marked on the
outside of the shipping carton.

2.4 INSTALLATION

Thoroughly plan the transceiver/
coupler/antenna locations and care-
fully follow the installation con-
siderations given below. Satisfac—
tory system performance depends
upon the care and attention taken
prior to and during installation.

The protective connector covers in-
stalled on the transceiver for ship-
ping, should remain over unused
connectors.

2.4.1 INSTALLATION CONSIDERATIONS
2.4.1.1 Antenna Site Location

For optimum characteristics and
safety, the antenna should be mount-
ed high enough to clear any sur-
rounding obstructions. The antenna
should also be located as far as
possible from nearby objects such as
power lines, buildings, etc. Fig-
ures 2.1 and 2.2 show typical whip
and longwire installations.,

2.4.1.2 Adequate Ground

Provide the best possible RF ground
for the transceiver and the coupler.
Use a flat copper strap, 25 mm wide
or number 6 gauge or larger wire and
connect it to the ground terminal at
the rear of the transceiver and on
the coupler case. Leads to the
ground system should be as short as
nossible.

2.4.1.3 Separation

Provide maximum separation between
the coupler output (antenna) and the
transceiver. The coupler may be
mounted up to 61 meters (200 feet)
from the transceiver when RG-213U
cable is used. For runs under 30
meters (100 feet), RG-58 A/U cable
may be used.

NOTE

Transmitters may oscillate
if RF power is radiated or
conducted into low level
stages. Evidence of this
condition 1is erratic or
excessive RF output. The

2-1
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WHIP ANTENNA

ANTENNA COUPLER

I ' 6” METAL STRAP
| / TO GROUND AND RADIALS
/'-\ ~

\

GROUND ,
ROD N
RADIALS AS LONG AS
ANTENNA AND AS MANY
AS POSSIBLE

Figure 2.1 Typical Whip Antenna Installation
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cause is the close proxim-
ity of the antenna to the
transmitter and/or poor RF
grounds.

2.4.1.4 Antenna ILead-In

The lead-~in from the coupler to the
antenna must be insulated for at
least 10 kV potential and should not
run parallel to metal objects which
are bonded to ground. The coupler
should be as close as possible to
the antenna and never more ' than 1
meter away, as this will decrease
antenna efficiency.

2.4.2 BASE STATION INSTALLATION

The transceiver has rubber feet so
it can be placed on a table or desk.
The front feet are longer than the
rear ones so the transceiver will
tilt at a convenient operating an-
gle. It is important to provide
adequate ventilation for the heat-
sink. Clearances on the order of 25
mm on the sides and 50 mm at the top
and rear should be provided. See
Figure 2.3 for the transceiver out-
line dimensions. If the heatsink
gets too hot, the RF power will cut
back automatically. An optional PA
fan (see Section 2.7) is necessary
for FSK (RTTY) operation.

2.4.2.1 Rack Mount Installation
(Transceiver)
The transceiver may be conveniently
mounted in a standard 19 inch rack,
by using the transceiver rack mount
kit (P/N 600059-700-XXX). This kit
includes a pair of rack slides,
associated hardware and side adapter
brackets. The transceiver in the
rack mounted configuration requires

a standard panel space of 13.21 cm
(5.2 inches). For rack mounting,
the four rubber feet and top cover
fasteners are removed from the
transceiver. See Figure 2.5 for
assemply details.

2.4.2.2 Rack Mount Installation
(Power Supply)

The power supply may be mounted in-
side a standard 19 inch rack by us-
ing the power supply rack mount kit
(P/N 600209-700-001). This kit con-
sists of a mounting plate and the
hardware for rack wmounting the AC
power supply, utilizing if desired,
the space immediately behind that of
the transceiver. See Figure 2.6
for assembly details.

2.4.3 VEHICULAR INSTALLATION

The transceiver is normally mounted
with the optional shock mount kit
(600058-700-001) in mobile installa-
tions. Figure 2.7 shows a typical
system installation in a vehicle.

2.4.3.1 Mounting Shock Rack

The shock rack mounting hole pattern
dimensions are shown in Figure 2.8.
The screw clearance holes 1in the
isolators are for number 10-32 UNC
machine screws. Sixteen (16) ma—
chine screws are required for mount-—
ing the shock isolators. Refer to
Figure 2.8 for the hole locating
dimensions for shock isolators.
2.4.3.2 Mounting Radio in Shock
Rack

Place the radio on the shock rack
with the rubber feet through the
cut-out holes. Slide the radio to
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42.49 \
16.73 WEIGHT — 30 POUNDS 13.6 KILOGRAMS
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Figure 2.4 Transceiver/Shock Mount Outline Dimensions -
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Figure 2.4 Transceiver/Shock Mount Outline Dimensions
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SHORT BRACKET @ |E>2

MSR&2\4
POWER S 0OPPLVY

e EXTERNAL TOOTH
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Figure 2.6 Power Supply Rack Mount Installation
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TRANSCEIVER
/W/SHOCK MOUNT

I GOOD GROUNDS

T

ANTENNA COUPLER
W/SHOCK MOUNT

MOBILE ANTENNA

MAXIMUM LENGTH
46 CM (18 INCHES)

Figure 2.7 Typical Vehicle Installation
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GROUND STRAP| FLAT WASHER

& LOCK WASHER

<O

UTILIZE SHOCK /
MOUNT HARDWARE

TRANSCEIVER"
(REAR VIEW)

5.11 DIA THRU HOLE (4 REQ'D)

———

\ .201 SHOCK ISOLATOR
24.51 CENTER HOLE
965
(] o ] 1)
T_—‘ @' @ T I o ¢ o, o o, 4T
24.51
5% ) 49.02 38.46 25.30
& | - 193 15.14 9.96
CENTER | 60.20 o= T
HOLE 237 o -¢- ) o -¢- o
& &) 7
,49.02 FRONT ‘
1.93 —29.08
6020 | _Mda__ 11.45
237 INCHES SHOCK MOUNT ASS'’Y CM
600058-700-001 INCHES

TYPICAL SHOCK ISOLATOR
MOUNTING DIMENSIONS

Figure 2.8 Shock Mount Hole Pattern Dimensions
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the rear of the shock rack so that
the two retainers secure the lower
bezel, on the rear of the radio.
Position the shock rack clamp so
that it clamps the lower bezel on
the front of the radio. Hand tight-
en the knob to lock in place, see
Figure 2.9. Overall dimensions of
the transceiver and shock rack can
be obtained from Figure 2.4.

2.4.3.3 Other Installations

It is recommended that the antenna
and transceiver be mounted on Oppo-
site sides of the vehicle to mini-
mize stray RF pickup, and the trans-
ceiver and coupler MUST be well
grounded to the vehicle frame.

Vehicle ignition and charging system
noise 1is frequently a problem in
mobile installations. Although the
noise blanker in the transceiver
minimizes ignition interference, it
may be necessary to take some noise
suppression measures with the vehi-
cle itself,

The following steps can be taken to
reduce ignition and charging system
noise.

a) Replace standard spark plugs with
high resistance spark plugs (be-
fore installing high resistance
spark plugs, check with the en-
gine manufacturer or authorized
dealer to determine the proper

type).

b) Replace the spark plug wiring
with radio ignition wire (again,
check with the manufacturer or
dealer to determine the proper
type and length).

c) Install a 0.5 microfarad coaxial
capacitor (Cornell-Dublier Type
NF-10) in series between the
ignition switch and primary of
the ignition coil to reduce igni-
tion interference (as close as
possible to the coil).

TTT

d) Run a length of radio ignition
wire from the distributor cap to
the coil to reduce distributor
interference (caused by the rotor
in the distributor cap).

e) The generator (or alternator)
causes electrical interference
which frequently is blamed on the
ignition system. Current passing
between the brushes and commuta-
tor creates arcing which is heard
as a whining sound that varies
with changes in engine speed.
Install a 0.5 microfarad coaxial
capacitor in series with the
armature to reduce whining.

f) The voltage regulator may be a
mechanically controlled device
having breaker contacts. The
breaker points create an arc,
causing a popping sound in the
receiver., This noise seldom
varies with changes in engine
speed. Install a 0.5 microfarad
coaxial capacitor in series with
the terminal connections to re-
duce voltage regulator noise
(the coaxial capacitor is non-
inductive and has high attenua-
tion).

CAUTION

Disconnect the battery
ground terminal before
adding any components
to the battery input of
the voltage regulator.

2.4.4 MARINE INSTALLATIONS

The transceiver is weather, splash
and corrosion resistant, but should
not be installed where it is exposed
to salt spray. It should be instal-
led in a well ventilated area away
from heat sources such as heating
vents, etc. The location should be
as close as possible to the power
source and grounding point.

2-11
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SOLDER ALL JOINTS

BOND WATER TANK
TO COPPER STRAP

6” CTOPPER STRAP

TO COPPER STRAP

6 INCH COPPER STRAPS SHOULD
BE LAID IN THE BILGE. 3 EQUALLY
SPACED IN PARALLEL THE
LENGTH OF THE BOAT WITH 4
CROSS STRAPS SOLDERED AT
EACH POINT OF INTERSECTION.

BOND ENGINES TO COPPER STRAP

Figure 2,10 Typical Ground/Counterpoise Installation
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IT 1S RECOMMENDED THAT THE TRANS-
CEIVER BE SECURELY GROUNDED, as poor
grounding can degrade performance.
With a metal hull, the transceiver
can be grounded directly to the
vessel's structure. With a wood or
fiberglass hull, a ground/counter—
poise system must be constructed.
The counterpoise should have as much
surface area as possible. About 9.5
square meters (100 square feet)
should be provided for 2 MHz Opera-—
tion. A reasonably good ground can
be achieved by bonding together
large metal objects. Bonded to this
ground should be two or three wide
copper straps running as far as pos-—
sible fore and aft, together with
three or four cross members (ground
plates may be effective on lower
frequencies but are subject to foul-
ing. Therefore, they are not recom-
mended). Figure 2.10 shows a typi-
cal ground/counterpoise system.

2.5 POWER REQUIREMENTS

The transceiver is designed to oper-
ate directly from 12 or 24 VDC
negative ground vehicle electrical
systems. Such systems use nominal
12 or 24 VDC batteries, but because
they are normally being charged by
an alternator or generator, average
system voltage is higher. The act-
ual voltage depends on system cur—
rent draw and charging rate, but the
average is taken to be 13.2 and 26.4
VDC with the transmitter operating.

The operating voltage of the trans-
ceiver is determined by the power
amplifier (PA) assembly installed in
the transceiver. Befiore connecting
power, check the voltage tag on the
end of the PA heatsink nearest the
connectors.

The transceiver will accept NEGATIVE
GROUND ONLY. Positive ground sys-—
tems will require a inverter/ isola-
tor. The transceiver has reverse

2-14

polarity protection built in. If
the unit does not operate, check the
power supply connections.

2.5.1 CONNECTING THE MSR 6214
POWNER SUPPLY

Connect the MSR 6214 AC Power Supply
as follows: (P/N 697007-000-001,
12 vbC or P/N  697007-000-002,
24 vDC).

a) Check the AC line wvoltage and DC
output voltage tags on the side
of the MSR 6214 for correct input
and output voltage settings. If
voltages marked on tags do not
meet application, refer to Sec-

.tions 2.5.1.1 and 2.5.2.2.

b) Connect the MSR 6214 to the MSR
8000D using the power cable in-
cluded with the power supply (P/N
600870-540-001) . Cable connects
between Jl of the power supply
and connector J29 on the trans—
ceiver rear panel.

2.5.1.1 Line Voltage Setting

a) Disconnect power supply from AC
line. Wait at least 3 minutes to
allow hazardous DC voltages to
bleed down.

b) Remove AC 1line voltage tag on
side of power supply.

c) Set both switches (under tag) to
appropriate position.

d) Replace AC line voltage tag with
correct line voltage marking to
outside.

2.5.1.2 Output Voltage Setting

a) Disconnect power supply from AC
line. Wait at least 3 minutes to
allow hazardous DC voltages to
bleed down.

b) Remove power supply top cover.
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c) Disconnect and remove
board.

control

d) Connect junpers on TB1 to appro-
priate locations:
12v - Jumper TBl-1 to TB1-2 and
TB1-3 to TBl1-4
24V - Stack  Jjumpers  together,
jumper TB1-2 to TB-3

NOTE

Jumper locations marked on

h)

TTT

Reinstall control board, ensuring
connection of transformer board
pins on bottom of control board
and ribbon cable on side.

Locate jumper JP1 on  control
board and set jumper to appropri-
ate position (see Figure 2.11
below, also marked on board).
Replace top cover.

Ensure that output voltage tag

top of TBI. shows correct voltage - 12V is on
one side of tag, 24 VDC is on
other side.
OUTPUT VOLTAGE
SELECTOR JP1
—
Y RS M
Ovev U4 prt LuE E,,, g c'."*' |u‘ >
7 ﬂ ] PULSE M 2, O bt +
~ $-C
!ﬂ]]l I ™se o Bga » ('\ c22
C : (> O e o 7 e 18] d
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» P2 CUR 14
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Co=zzm-ooH |
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Figure 2.11

MSR 6214 Control Board Detail
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2.5.2 CUSTOMER SUPPLIED POWER
SUPPLIES

If the transceiver is used with
other power supplies, use the DC
power cord supplied with the trans-
ceiver (P/N 600452-540). This DC
cable is supplied with approximately
15 feet of connecting cable. If the
installation permits, the cable
should be trimmed to a minimum
length consistent with a neat in-
stallation. This will assure a min-
imum of voltage drop in the cable,
under the high input currents pres-
ent in transmit, particularly the
13 volt model. Connect the power
lead marked "+" to the positive ter-
minal of the power supply, and the
lead marked "-" to the negative ter-
minal of the power supply. If the
power supply voltage output is
adjustable, set the voltage to +13.2
vDC for the 12 VDC model trans-
ceiver, or +26.4 VDC for the +24 VDC
model. The current capability of
the power supply should be 30 amps
for the 12 volt model, and 20 amps
for the 24 volt model. A schematic
of the transceiver power input con-—
nector is shown in Figure 2.12.

2.6 ANTENNAS AND GROUND
SYSTEMS

CAUTION

The antenna radiates
DANGEROUS RE VOLTAGE
which can cause BURNS
and INJURY. DO not
touch the coupler an-
tenna terminal, long
wire or whip antenna
while transmif.ting.

The transceiver is designed to drive
a 50 ohm resistive antenna system
with a 2:1 VSWR maximum. When used
with the companion coupler, the

2-16

system will drive the following
antennas:

a) Whip, 3 meter (9 feet) - 1.6 - 30
MHz (vehicular mount)

b) whip, 5 - 12 meter (16 - 35 feet)
1.6 - 30 MHz

c) longwire, 15 - 49 meter (50 - 150
feet) - 1.6 - 30 MHz

Some general antenna system guide-
lines are:

a) Mount the antenna as high as pos-
sible.

b) Where possible, use antennas over
1/8 wavelength long at the lowest
operating frequency. Short an-
tennas are not efficient radia—
tors.

c) Short antennas are most sensitive
to ground loss. When a short
antenna 1is used, the best pos-
sible ground system should be ob-
tained (see Figures 2.1 and 2.2).

d) On ships with non-metalic hulls,
make the ground/counterpoise sys-
tem cover as large an area as
possible. Make maximum use of
large metal objects, copper
screen, the propellor shaft and
properly bonded copper straps.

e) Use the lowest possible induc-
tance ground connections for the
transceiver and coupler.

2.7 ANTENNA COUPLER
CONNECTIONS

If the MSR 4020A Antenna Coupler is
part of the station system, refer to
Publication Number 600262-823-001
for installation details. Figure
2.9 shows typical system intercon-
nections.



NOTE

If the MSR 4020A Antenna
Coupler is not connected,
accessory plug  1A3-P22
(supplied in the trans-
ceiver  accessory kit)
must be installed on the
accessory connector, 1A3-
J22. Otherwise, the
transceiver will not
transmit. This accessory
plug contains a  jumper
between pins C ("transmit-—
interlock") and pin G
("ground"). The absence
of this Jjumper prevents
the exciter from being
keyed. The plug also
contains a Jjumper between
pins R and G to provide
a required termination.

2.8 PA FAN OPTION

The fan option (P/N 600062~700-001),
is required for FSK (RTTY) operation
of the transceiver. The fan is in-
stalled on the rear panel, over the
PA heat sink, utilizing the four (4)
mounting screws that are used to
secure the power amplifier module to
the rear panel. Electrical connec-
tions to the fan are made via a wir-
ing harness and plug to a mating
connector on the rear panel. Once
installed, the fan will operate
automatically to maintain an accept-
able heat sink temperature.

TTT

See Section 6 for fan option instal-
lation instructions.

2.9 REMOTE CONTROL OPTION

Remote Control of the MSR 8000D
Transceiver is possible when used in
conjunction with the optional MSR
6400 full function Remote Control
P/N 699023-000-XXX. Electrical con-—
nections to the remote control ar

made via a 17 conductor control
cable connected from the MSR 8000D
rear panel audio connector 1A3J21,
to J7 of the remote control.

NOTE

The transceiver rear panel
connector board switch must
be in the "REMOTE" position
when the remote control
unit is wused, and in the
"LOCAL" position when a
remote is not  connected.
Refer to Fig.5.54 for switch
location. Failure to have
this switch in the proper
position can prevent exter-
nal keying of the trans-
ceiver from the audio con-
nector and prevent ON-OFF
power control in remote
operation.

The MSR 8000D must be confiqured for
remote operation with a factory-
installed Remote Option P/N 600219-
700-001. Refer to Section 6 for
details.
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MATING CONNECTORS TO TRANSCEIVER

TABLE 2.1

AND ACCESSORIES

TTT

MATING PARTS
MIL ITT PART NUMBER
Connector Clamp w/Bushing
DESCRIPTTON DESIGNATOR
Microphone 1A2J34 U-229/U 600388-606-002
Headphone 1A2332 U-229/U 600388-606-002 |’
ON Key 1A2333 U-229/0 600388-606-002
Rear Panel Audio 1A3J21 MS-3106A-20-29P | 600375-606-006 600376-606-002
Power 1A3J329 MS~-3106A-24~11S | 600375-606-003 600376-606~003
Accessory 1A3J22 MS-3106A-28-21P | 600375-606-004 | *600274-606-001
Antenna 1A3731 PL—259 600244-606-002
PA Fan 1A3330 AMP 126-217 600377-606-001
* Bushing not required

2-19
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J21 AUDIO CONNECTOR

(=2 ]

-

v

E___

RECEIVE AUDIO OUT (60002)
PWR ON/OFF/PTT

13/26V DC

Ds1

TRANSMIT AUDIO IN (6000)
TRANSMIT AUDIO IN (6000))
DS2

GND

RECEIVE AUDIO OUT (600)
DS4

DSs

DS6

DS7

FREQ DOWN

DS3

FREQ UP

READY
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TABLE 2.2
TRANSCEIVER REAR PANEL CONNECTIONS

J22 ACCESSORY CONNECTOR
A FAULT
B KEY ENABLE
c KEY INTERLOCK
‘D SURVEILANCE TUNE
E CH1
F POWER FWD
G GROUND
"H | cB
e TUNE
k| READY
L CHa
™M TUNING
N CHs
P SPARE
R EXT PFRL
s SPARE
T B3
u B4
v B5
w GND
x| 86
'z cHz
a B8
b | &7
c B2
d B1
e B2
t GND
g +13VDC

J29 DC POWER CONNECTOR

mio|lO|®|>»

m

I o

DCA

DCB

CONTACTOR ENABLE

GND
+13/26V DC INPUT
+13/26V DC INPUT
ACA
ACB

PTT

J30 FAN CONNECTOR

I |0 |0 ®|>»

13/26 VDC
TEMP SENSE

NC
GND

NC

SPARE

EXT ALC INPUT

COUPLER ENABLE

EXT ACC INPUT
SPARE

COUPLER POWER
COUPLER POWER
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SECTION 3
OPERATION

3.1 GENERAL

This section describes the control
and connector functions and gives
conplete operating instructions for
the transceiver,

3.2 FRONT PANEL CONTROLS AND
CONNECTORS

Refer to Figure 3.1 for control
locations.

3.2.1 VOLUME/POWER

Controls the received signal level
at the speaker and PHONES Jjack.
Click~-off CCW position turns off
transceiver primary power. VOLUME
setting does not affect 600 ohm
receive audio output.

3.2.2 SPEAKER SWITCH

Turns the internal speaker on and
off.

3.2.3 CHANNEL/FREQUENCY SWITCH

Selects the active memory channel
(one of ten) or selects the variable
frequency mode. In switch positions
1 through 10, the transceiver oper-
ates at the frequency and mode
stored 1in that memory channel (the
MODE and FREQUENCY SELECT switches
are disabled). In FREQ position,
the transceiver will operate at the
frequency and mode selected at the
front panel. Simplex operation only
is possible in this position.

3.2.4 MODE

Sets the transceiver operating mode.
This control is not active during
channelized operation (MODE 1is

recalled from memory during chan-
nelized operation).

3.2.5 SQUELCH/NOISE BLANKER

Rotary action sets the squelch
threshold. The squelch is defeated
in fully CCW position (maximum
threshold is fully CW): Pulling out
the control turns on the noise
blanker,

3.2,6 CLARIFIER CONTROL

Pulling out this control activates
the clarifier (the amber lamp beside
the knob lights to indicate clari-
fier ON). Rotating the control
shifts the receive frequency at
least +250 Hz from the frequency in-
dicated on the display. The clari-
fier does not affect the transmitted
frequency. Frequency may be varied
+ 200 Hz when the MSR 6400 Remote
Option is installed.

3.2.7 TUNE BUTTON

Pushing this button initiates an
antenna coupler tune cycle, if a
coupler 1is connected. The coupler
needs to be retuned after changing
transmit frequencies.

3.2.8 PA/COUPLER STATUS LAMPS

These three lamps, FAULT, NOT TUNED
and READY tell the operator the tune
status of the coupler and the status
of the PA, When the companion
antenna coupler is used with the
transceiver as a system, the lamps
will indicate one of the conditions
listed in Table 3.1.

When the companion coupler is not

used and the transceiver is opera-
ting into a 50 ohm antenna, the

3-1
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TABLE 3.1

STATUS LAMP INDICATORS

(When Companion Coupler Is Used With Transceiver)

FAULT, steady*
FAULT, flashing**
FAULT, flashing

FAULT, steady

FAULT, steady
while trans-
mitting

NOT TUNED

READY

FAULT lights when power is first applied to
the coupler.

Coupler unable to reach tuned condition within
30 seconds of TUNE command.

Operator has changed frequencies, transmitted,
and not retuned coupler. .

PA over temperature indication or bad PA fuse.
PA over voltage, over current or VSWR fault
between the transceiver and coupler.

Coupler is in the process of tuning.

Coupler has tuned properly and is ready to
transmit.

*FAULT, steady indicates a condition originating from the transceiver or

line to the antenna coupler.

**FAULT, flashing indicates a condition originating from the antenna coupler

or antenna.

TABLE 3.2

STATUS LAMP INDICATORS

(When Transceiver Is Operated Without A Coupler)

FAULT, steady

FAULT, steady
while trans-—
mitting

NOT TUNED and READY
will not indicate.

PA over temperature indication or bad PA fuse.

PA over voltage, over current or VSWR fault.




lamps will indicate the conditions
listed in Table 3.2.

3.2.9 DIMMER

Adjusts the brightness of the dis-
play and indicators for comfortable
viewing in high or low ambient
light.

3.2.10 SIGNAL/POWER METER

Indicates received signal strength
relative to 1 |V, and when transmit-
ting, relative forward or reflected
power.,

3.2,11 FORWARD/REFLECTED POWER
SWITCH

Determines whether the meter dis-
plays forward or reflected transmit-
ted power. The reflected power
reading should be very small (less
than 0.1 on the scale). A high
reflected power reading indicates an
antenna mismatch.

3.2.12 KEY LIGHT

This red LED in the upper right cor-
ner of the meter scale lights when
the transmitter is keyed. If the
light does not light when the micro-
phone is keyed, the transceiver may
have an internal fault which inhib~-
its the transmitter.

3.2.13 MODE DJISPLAY

Shows a letter corresponding to the
tranceiver mode. A = MAME, C = CW, U
= USB, L=LSB and F = FSK and 11 =
A3A.

3.2.14 CHANNEL NUMBER DISPLAY
Shows the number of the memory chan-—
nel selected. When the CHAN/FREQ

knob is in FREQ position this dis-
play is blank.

3-4

3.2.15 FREQUENCY DISPLAY

Shows the transceiver operating fre-
quency.

3.2.16 FREQUENCY SELECT SWITCHES

Permit the selection of the trans-
ceiver operating frequency. They
are active only in FREQ position of
the CHAN/FREQ switch or in TOAD MEM-
ORY mode. The switches affect the
digit directly above them and the
two least significant digits carry
into the third. Frequencies above
29,9999 MHz or below 1.6000 MHz can-
not be selected.

3.2.17 LOAD/OPERATE

This switch controls memory loading.
In the OPERATE position, the trans-—
ceiver operates normally. In the
LOAD MEMORY position, the receiver
audio is muted, transmission is in-
hibited and the memory may be load-
ed. A warning LED lights when in
the ILOAD MEMORY position.

3.2.18 LOAD RX BUTTON

Is only active in the TLOAD MEMORY
switch position. Pushing the button
loads the receive fregquency and mode
into a selected channel.

3.2.19 LOAD/CHECK TX BUTTON

In the OPERATE position, pushing the
button displays the transmit fre-
quency stored in a selected memory
channel. In LOAD MEMORY position,
pushing the button loads the trans—
mit frequency and mode into a
selected memory channel.

3.2.20 MIC CONNECTOR
Connector for dynamic microphone,

carbon microphone, handset or CW
key.



3.2.21 AUX CONNECTOR

Connector 1is wired in parallel with
MIC Connector and may be used with
the same accessories.

3.3 REAR PANEL CONTROLS
AND CONNECTORS

Refer to Figure 3.2 for locations.
3.3.1 POWER CONMECTOR

Is used to connect ©TC power to the
transceiver. Also contains connec-
tions to a remote power relay in the
optional AC power supplies. Mates
with the standard MS connector
MS3106A 24-11S (supplied).

3.3.2 ACCESSORY CONNECTOR

Connects accessory equipment such as
the companion antenna  coupler.
Mates with the standard MS connector
MS3106A 28-21P (supplied).

3.3.3 AUDIO CONNECTOR

Connects to/from 600 ohm balanced
audio lines or connections to audio
remote unit. Mates with the stan-
dard MS connector MS3106A 20-29P
(supplied).

3.3.4 ANTENNA CONNECTOR

Connects the RF input/output of the
transceiver. Mates with the stand-
ard PI~259 connector (supplied).
3.3.5 PA FAN CONNECTOR

Supplies DC power to optional PA fan
kit.

3.3.6 GROUND STUD

Used for making a good RF ground to
the transceiver.

TTT

3.3.7 RECEIVER/EXCITER FUSE

Protects the receiver and exciter
portions of transceijver.

3.3.8 PA FUSE

Protects the RF power amplifier mod-
ule.

3.4 OPERATOR INTERNAL
CONTROLS

The transceiver 1is edquipped with
several internal controls as a con-—
venience which the operator may wish
to adjust. They are: function
enable/disable switch, V¥ delay
adjust, 600 ohm remote transmit
audio 1input adjust and the 600 ohm
receive audio output level adjust.
See Figure 3.3 for the location of
these controls.

3.4.1 FUNCTION ENABLE/DISABLE
SWITCH

This switch (1lAl1A9-S1) consists of
eight (8) co-located switches in one
housing. Each section of the switch
controls a different function. They
are as follows (from right to left):

3.4.1.1 Memory Program Enable SW-1

To be able to program the trans—
ceiver memory, this switch must be
ON. It may be switched off to pre-
vent 1inadvertent reprogramming of
the memory.

3.4.1.2 Manual Frequency Enable SW-2

NOTE

This switch functions only
if wire jumper W1l on the
logic board (Figure 5.31)
is removed. Units are
shipped with this jumper
installed, unless speci-
fied by customer order.
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With the jumper removed, and switch
S1-2 set to "OFF", the transceiver
frequency and mode cannot be changed
when the CHAN/FREQ switch 1is in the
"FREQ" position. Setting the switch
to "OFF" will freeze the frequency
and mode to those 1last selected,
except that the mode may change to
A3A when the switch is thrown.

3.4.1.3 Tuning Beep Tone SW-3

The transceiver generates a beep
tone in the speaker when the compan-
ion coupler 1is in the process of
tuning. The volume of the tone may
be regulated by the VOLUME control,
The tone may be disabled by turning
its switch OFF.

3.4.1.4 Surveillance Tune SWw-4

The companion coupler contains the
capability to continuously monitor
the state of tune of the antenna
over a small range and retune auto-
matically when the VSWR exceeds 2:1.
However, RF power must be present
for this feature to work, so sur-
veillance tune works best in AME or
FSK modes where continuous carrier
is present.

If a frequency or antenna VSWR
change 1is made which is out of the
surveillance tune range, the FAULT
indicator will flash.

Surveillance tune 1is activated by
turning the switch to ON position.

3.4.1.5 Auto-Tune SW-5

When enabled, the companion coupler
will tune when a channel change or
frequency change greater than 10
kHz is made in the transceiver.
Tuning does not commence until the
transceiver is keyed.

TTT

3.4.1.6 VSWR Retune SW-56

When this switch is closed a coupler
tune will be initiated whenever the
antenna coupler VSWR is greater than
2;:1. When the companion linear amp-
lifier is used, a coupler tune cycle
will be initiated if amplifier or
antenna coupler VSWR exceeds 2:1.
(This feature is not available with
the MSR 4020 Antenna Coupler.)

3.4.1.7 Switches 7 and 8
Spare switches not currently used.
3.4.2 CW DELAY ADJUST

This control (1AlA9-R8) adjusts the
time delay between transmitting and
receiving, when the transceiver is
operated in the CW mode.

3.4.3 600 OHM REMOTE TRANSMIT
AUDIO INPUT

This control (1AlA3-Rl) adjusts the
level of 600 ohm transmit audio that
is applied to the transceiver from
remote sources or optional equip-
ment. Nominal audio input is 0 dBm.

3.4.4 600 OHM RECEIVE OUTPUT LEVEL

This control (1AlA7-R54) adjusts the
level of 600 ohm receiver audio that
can be supplied from the transceiver
to remote sources or optional equip~
ment. Nominal output is 0 dBm,
adjustable to +10 dBm.

3.5 TRANSCEIVER OPERATION

3.5.1 OPERATING THE TRANSCEIVER
WITH 50 OHM ANTENNA OR 50
OHM LOAD

a) Connect the transceiver to the
proper DC power source,
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b)

c)

d)
e)

£)

g)

h)

i)

3)

k)

Check the voltage tag on the PA
heatsink. Connect a 50 ohm
antenna or a 50 ohm, 125W dummy
load to the antenna connector.

NOTE

When the automatic an-
tenna coupler is not
used, the  accessory
olug, 1A3P22, which
jumpers pin C  (key
interlock) to pin G
(ground), must be in-
stalled in 1A3722. The
key interlock line (pin
¢) must be grounded for
the transceiver to
transmit.

Connect the microphone. Turn
power switch to N and advance
VOLUME control to half rotation.

Put CHAN/FREQ control in FREQ
position.

Set MODE switch to desired mode.
Turn SQUELCH control fully CCW.

Check that CLARIFIER control is
pushed in.

Adjust DIM control to comfortable
viewing level.

Use FREQUENCY SELECT switches to
select desired operating fre-
quency.

Set SPEAKER switch to ON.

The unit should now receive. The
volume may be adjusted to a com-
fortable level.

The SQUELCH control may now be
turned slowly clockwise to a po-
sition where background noise is
squelched during periods when no
signal is present. This is the
point of minimum squelch thres-

1T

hold, and further clockwise ad-
justment beyond this point will
require a stronger received sig-
nal to cause an audio output.

To transmit, press the microphone
button and speak at a normal
level with the microphone held 12
to 50 mm from the mouth (1/2 -
2 1inches). The transceiver has
an audio compressor which adjusts
the transmit level automatically.

3.5.2 LOADING TRANSCEIVER MEMORY

a)

c)

d)

e)

Place the OPERATE/LOAD MEMORY
switch in the TOAD MEMORY posi-
tion. See that the TOAD MEMORY
LED lights. If it does not, the
PROGRAM ENABLE switch 1is ofE,
Remove the top cover and switch
PROGRAM ENABLE ON (See Figure
3.3).

NOTE

Before the memory is
programmed for the first
time, or if the battery
has been removed from
the logic board, the
display way indicate
29.9999 MHz USB. This
is the "DEFAULT" fre-
quency and mode that is
in the operating system
~ prom to prevent invalid
frequency or mode data
from being displayed or
transmitted.

Select the desired channel number
with the CHAN/FREQ switch. Chan-
nels may be loaded 1in any
seguence.

Select the desired mode with the
MODE switch,

Select the desired frequency with
the FREQUENCY SELECT switches.
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NOTE

If different receive and
transmit frequencies are
to be loaded for half
auplex operation, select
the receive frequency
first.

f) when loading a simplex frequency

g9)

h)

(same TX and RX frequency), push
the RX button then the CHECK/TX
button. (Do not push the buttons
at the same time.) ’

NOTE

If the companion 1 kKW ampli-
fier and antenna coupler are
connected, the antenna coup-
ler power should be turned
off prior to loading transmit
frequencies., The  CHECK/TX
button has dual functions;
in addition to loading fre-
quency information, it also
activates the silent tune
feature of the MSR 4030 coup-
ler. Refer to 3.5.6 for
silent tune operation.

When loading the receive fre-
quency of a half-duplex pair,
push only the RX button.

To load the transmit frequency of
the half duplex pair, select the
transmit frequency, then push the
CHECK/TX button.

NOTE

When loading different
transmit and receive
frequencies, as soon as
the CHECK/TX button is
released, the display
will switch to the
receive frequency. DO
NOT press the CHECK/TX
button again, as this
will then load the
receive frequency into

3-10

i)

the transmit memory. To
check the transmit fre-
quency, place the OPER-
ATE/LOAD MEMORY switch
in the OPERATE position,
then push the CHECK/TX
button. The  transmit
frequency will bhe dis-
played as 1long as the
button is held.

Select a new channel with the
CHAN/FREQ switch. Repeat steps ¢
through g.

j) When all channels have been pro-

grammed, return OPERATE/LOAD MEM-
ORY switch to OPERATE position.
The unit is now ready for opera-
tion. Refer to Table 3.3 for a
summary of load memory procedure.

3.5.3 OPERATING THE TRANSCEIVER

a)

b)

c)

d)

e)

£)

WITH THE COMPANICW COUPLER

Connect the transceiver to the
proper DC power source. Check
the voltage tag on the PA heat-
sink. Connect the control cable
from the companion coupler to the
transceiver accessory connector.
Connect a c¢oaxial cable from the
companion coupler RF input to the
transceiver's antenna connector.

Connect the antenna to the cer-
amic antenna post on the antenna
coupler. See Sections 2.4 and
2.6.

Turn the power switch to ON.

Select the operating channel or

the desired frequency and mode.

Note that the FAULT LED shows a
steady indication.

Push the TUNE button. The FAULT
LED will extinguish and the NOT
TUNED LED will light. Note that
the receive audio is muted during
the tune cycle.



g) If the TUNING BEEP TONE switch is
on (see Figure 3.3), note that
the volume of the beep can be set
with the VOLUME control.

h) when the companion coupler
completes tuning, the NOT TUNED
light will extinguish and the
READY LED will light. The system
is now ready for operaiton.

i) If the ooupler cannot tune the
antenna within 30 seconds, (be-
cause of a damaged antenna or
a broken cable, for example), the
FAULT indication will flash. The
operator may start another tune
cycle by pushing the TUNE button.
If successive tune cycles produce
a flashing FAULT indicator, the
operator should attempt to find
the cause of the problem before
proceeding.

3.5.4 OPERATING THE TRANSCEIVER WITH
THE COMPANION 1KW AMPLIFIER

1. Refer to Paragraph 3.4 "Ampli-
fier Operation" in the Linear
Amplifier Operation and Main-
tenance Manual, Publication No.
600241-823-001.

3.5.5 OPERATING THE TRANSCEIVER WITH
THE COMPANION 1KW AMPLIFIER
AND 1KW AUTOMATIC ANTENNA
CQUPLER

l. Refer to Paragraph 3.4.2 in the
Linear Amplifier Operation and
Maintenance Manual, Publication
No. 600241-823-001, and Para-
graph 3.2 in the 1KW Antenna
Coupler Manual, Publication No.
600236-823-001.

3.5.6 SILENT TUNE MODE

When using with the 1kW Amplifier
and Antenna Coupler in the silent
tune mode, ten channels can be pro-
grammed on the "CHANNEL/FREQ" knob
on the front panel of the trans-

TTT

ceiver. Everytime the antenna
coupler is tuned 1in one of the ten
channels, the tuning information is
stored in memory within the coupler
for that particular channel. To use
the silent tune mode, pick a channel
that has already been tuned and
push the "CHECK TX" pushbutton
which is located on the front panel.
The coupler will automatically posi-
tion the tuning elements from memory
and the "READY" LED will come on.
Because no RF carrier is used, the
"TX" LED on the meter will not light
and there will be no forward power
during the tuning sequence 1in the
silent tune mode. However, there
may be a reflected power indication
on the meter during tuning due to
logic voltages.

3.6 MICROPHONE SELECTION AND
AUDIO INPUT LEVELS

The MSR 8000D is configured for use
with most microphone types. The
handheld microphone (P/N 600352~
713-001) is supplied with the radio.
The H-250/U Handset (P/N 600002-
386—-001) 1is optional.

Carbon microphones such as the H-33
can also be used, but a configura-
tion jumper located on the Transmit
Modulator board, 1AlA3, must be
moved. If microphones with more or
less output than those specified or
supplied by ITT are used, R-96 on
the Transmit Modulator board can be
adjusted for more or less gain (see
Section 5.9).

For certain types of digital encod-
ing equipment, audio compressors
can create distortion. Jumper plug
JP-2 on the Transmit Modulator board
can be used to disable the compres-
sor. If Jp-2 is connected 1 to 2,
the compressor will be disabled and
the input audio level will have to
be adjusted to produce 0.23-0.27 VPP
at 1A1A3-TPl.
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TABLE 3.3
LOAD MEMORY SUMMARY

FOR SIMPLEX OPERATION

Internal PROGRAM ENABLE switch must be ON.

OPERATE/TOAD MEMORY switch to TOAD MEMORY
position.

Select channel number.,

Select mode:

Select operating frequency.

Push RX button,

Push CHECK/TX button.

Select new channel, etc.

When all channels are programmed, return

the OPERATE/LOAD MEMORY switch to the
OPERATE position.

FOR HALF-DUPLEX OPERATION
(Different TX and RX Frequencies)

PROGRAM ENABLE switch must be ON.

OPERATE/LOAD MEMORY switch to LOAD MEMORY
position.

Select channel number.
Select mode.

Select RECEIVE frequency.
Push RX button only.

Select TRANSMIT frequency. (and mode if
diflerent from RECEIVE.

Push CHECK/TX button one time only.
Select new channel, etc.
When all channels are programmed, return

the OPERATE/IOAD MEMORY switch to the
OPERATE position.




SECTION 4

T

FUNCTIONAL DESCRIPTIONS

41 GENERAL

The transceiver is a modularized
state of the art HF communications
transceiver. The information con-
tained in this section describes the
major functions of the transceiver.
The discussions of the functional
descriptions of the transceiver will
be presented in sixteen parts. Each
part will contain a discussion of
the major functional elements of
that part. For a detailed circuit
description of a particular part,
refer to Section 5 of this manual.

Figure 4.1 shows an overall block
diagram of the transceiver. Refer
to this diagram as the function of
each section is described.

42 HALF OCTAVE FILTER BOARD,
1A1A2

This assembly performs part of the
receive mode preselector function,
and in the transmit mode, filters
the output of the power amplifier.
Located on this board are eight (8)
elliptical low pass filters with
cutoff frequencies of 2, 3, 4, 6, 9,
13, 20 and 30 MHz. Also located on
this board are the VSWR detector,
AIC detector and amplifier, ACC
detector and amplifier and via
feedback from the power amplifier
assembly, 1A3Al, circuits that will
protect the solid state PA from con-
ditions of VSWR, over current, over
voltage and over temperature.,

The desired elliptical filter is
selected automatically by relay con-
trol ground signals from the logic
board, 1a1A9. In the transmit mode,

these filters reduce the harmonic
output to better than =50 dB. In
the receive mode, these same filters
attenuate signals that are above
that of the desired band of opera-
tion.

4.3 125 WATT POWER AMPLIFIER
ASSEMBLY, 1A3A1

The all solid state power amplifier
accepts the +13 dBm RF drive input
from the mixer assembly, 1AlA5, and
provides a nominal 38 dB gain to
produce 125 watts output to the
antenna (through the low pass fil-
ters) in the transmit mode.
Receive/transmit signal paths are
controlled by relay K1, to route the
antenna input directly to the high
pass filter, 1AlA4, in the receive
mode.

Also contained on this board are
circuits that sense PA over voltage,
over current and over temperature,
These voltages are fed to the half
octave filter board, 1AlA2, which
via feedback to the transmit modula-
tor board, 1AlA3, controls overall
transmitter gain and power output.

4.4 ©- HIGH PASS FILTER BOARD,
1A1A4

This assembly performs part of the
receive mode preselection and
receive RF amplification. In the
transmit mode, the output of the
mixer board, 1Al1AS5, is filtered by
this board. Contained on this
assembly are eight (8) elliptical
high pass filters with cutoff fre-
quencies of 1.6, 2, 3, 4, 6, 9, 13,
and 20 MHz.
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The desired filter is selected auto-
matically by ground signals from the
logic board, 1AlA9. This board also
contains a broadcast filter which
provides attenuation of greater than
70 dB to broadcast signals (signals
below 1.6 MHz), and a very low noise
receive RF amplifier. A transmit/
receive relay is used to bypass the
broadcast filter and RF amplifier in
the transmit mode.

Additional circuitry located on this
board provides analog voltages which
are supplied to the transmit modu-—
lator board, 1AlA3, to more accu-
rately establish the A3A carrier
level on transmit.

4.5 HIGH LEVEL MIXER BOARD,
1A1A5

4.5.1 GENERAL

The High Level Mixer Board (Figure
5.23) 1is interchangeable with the
Mixer Board, P/N 601075-536, pre-
viously used in the MSR 8000, MSR
5050, and MSR 6700. In RECEIVE mode,
it converts a 0 to 30 MHz RF input
to a 1st IF of 59.53 MHz and sub-
sequently a 2nd IF of 5 MHz. In
TRANSMIT mode, it converts a 5 MHz
input to 59.53 MHz and then to RF
outputs of 1.6 to 30 MHz. All cir-
cuit interfaces are at 50 ohm imped-
ance levels.,

Figure 4.1 is a functional block
diagram of the board. In RECEIVE
mode, inputs on the RX input are
selected by the RF switch and fil-
tered by the 30 MHz LP filter. The
1st mixer, with an amplified IO
input of +21 dBm, 50.53 MHz to 89.53
MHz, converts the RF signals to a
59.53 MHz IF. The mixer is provided
a broadband IF termination by a
lossless constant resistance network
and a non-reflective crystal filter
network. A bilateral amplifier pro-
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vides 18 dB gain which 1is con-
trollable by a delayed AGC input of
0 to 9 volts. A second crystal fil-
ter at 59.53 MHz controls spurious
responses due to the second mixer
and complements the selectivity of
the first filter and the system
information filter for a total 120
dB ultimate selectivity. The second
mixer, with an amplified LO of +10
dBm, converts the 59.53 MHz signals
to a 5 Mz IF. The second IO ampli-~
fier may be gated off by 9 volt
pulses to accomplish noise blanking.

In transmit the signal path 1is
reversed with inputs at the 5 MHz IF
converted to a 59.53 MHz IF, and
amplified by the reversed bilateral
amplifier, The RF switch directs
the 1.6 to 30 MHz outputs from the
1st mixer to the TX amplifier to
produce outputs to +15 dBm.

4.5.2 DETAILED DESCRIPTION
4,5.2.1 RX Control

With a TIL low at pins 15 and 16, Q8
saturates putting 49V on all RX
functions.

4,5.2.2 RF Switch

CR1 is biased to conduction by the
current through Rl with L1 and L2
providing a high impedance to the
signal pth for RF signals. The
resulting voltage across Rl biases
CR2 off, isolating transmit circuits
from the signal path. The input
signals are thus conducted through
Cl, CRl, and C3 to the low pass fil-
ter.

4.5.2.3 low Pass Filter

The low pass filter is a 7-element
elliptical design (C4 through C8, L3
and L4) with a cut off frequency of
31 MHz. This filter attenuates out-
of-band spurious signals in both
receive and transmit.



4.5.2.4 First Mixer

Signals from the ILow Pass Filter are
apolied to pin 1 of the first mixer,
MX1, a high 1level double-balanced
diode wmixer. These signals (0-30
MHz) are modulted with +21 dBm LO
signals (59.53 to 89.53 MHz) applied
to pin 8 to produce a first IF of
59.53 MHz at pins 3 and 4.

4,5.2.5 Constant Resistance Network

The Constant Resistance Network pro-
vides a 50 ohm load to signals from
the mixer at frequencies much
greater than the IF frequency. R17
provides the 50 ohm load at high
frequencies when C30 is short, and
at low frequencies when Ll4 is
short. C29 and Ll are series reso-
nant at 59.53 MHz to couple the sig-
nal to the 90° hybrid network, main-
taining a 50 ohm load at frequencies
near the 59.53 MHz IF.

4.,5,2.6 90° Hybrid/Filter Wetwork

This circuit maintains a 50 ohm
impedance by phasing equal mis-
matches from the two identical crys-
tal filters FL1 and FL2 so that they
cancel at the circuit input and add
across R18 at an isolated port. T3
with C31 and C32 form a quadrature
hybrid tuned broadly to 59.53 MHz at
a 50 ohm impedance. This circuit
splits inputs from L13 to equal out-
puts at L15 and L16 phased 90°
apart. L15 and C33 match the 2.3k
ohm filter impedance of FLI1. L16
and C34 perform the same function
for FL2. Matching back down to 50
ohms is accomplished by L19, C35 and
L20, and C36. L17 and L18 are used
to tune the residual capacitance
across the filters to increase the
ultimate rejection. A second 90°
hybrid (T4, C37 and C38) adds the
signals from each filter. The total
loss through the whole hybrid/filter
network is typically 3.5 dBm.
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4.5.2.7 Bilateral Amplifier

The Bilateral Amplifier consists of
receive (Q9) and transmit (Ql0)
amplifiers activated by a 9 volt RX
or 9 volt TX control signal. These
amplifiers switched into the signal
path by CR5, CR9 or CR10, and CR7,
allow reverse signal flow in trans-
mit applications since all other
circuits are inherently bilateral.

The amplifiers are feedback con—-
trolled to maintain a»*50 ohm input/
output impedance with gain con-
trolled by feedback resistor imped-
ances and the relatively low broad-
band collector output impedance of
ance of 600 ohms.,

In Receive, the signal flows through
C38, CR5 (biased by R21 and R22 with
R21 also serving as a feedback
resistor. The gain is set to 18 dB
by the ratio of the collector load
of 600 ohms and the emitter resistor
R23, L25 and C45 match the 600 ohm
output to 50 ohms with the output
routed through pin diode CR9. The
bias through switches CR5 and CR9
produces an 8 volt drop across L21,
R20 at the input and L30, R30 at the
output which reverse biases transmit
path pin diode switches CR7 and
CR10. The maximum signal level for
strong signals is limited by a
delayed AGC (DAGC) signal from pins
39 and 40. The DAGC 1input (0 to 9
volts) biases shunt pin diodes CR4
and CR8 which attenuate the signal
at Q9 input and output for a total
of 40 dB at 0 volts DAGC. Bias cur—
rent is limited by resistors R31 and
R29. CRl1l delays the output attenu-
ation for optimum 1linearity. The
DAGC circuit is necessary to main-
tain inband intermodulation rejec-
tion of 30 dB at high input signals.
The DAGC attenuation varies from 1
dB at 8.3 volts to 40 dB at 0 volts.
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in transmit, the circuit of 010 is
connected through CR7, CR1I0 by the
bias produced through L24, L29 by
the 9 volt TX signal. ‘The circuit
is identical to that of Q9 exceot
for the values of R26 and R28 which
produce a 16 dB gain.

4.,5.2.8 Crystal Filter

A second crystal filter, F13 at
59.53 MHz 1is redquired to reject
spurious responses due to the second
conversion —especially the second IF
image at 49.53 MHz. ‘This filter,
identical to FL1 and FL2, is matched
to 50 ohms input and output by L31,
L33 and C55, C56 with ultimate
rejection improved by L32,

4.5.2.9 Second Mixer and 5 MHz
Filter

The 59.53 first IF signal 1is con-
verted to a second IF of 5 MHz by a
second double-balanced diode mixer,
MX2. The 5 MHz output signal 1is
filtered by a 5 MHz low pass filter
C62, C63, L36 to reject the 59.53
MHz IF feed through, the 54.53 MHz
second IO, and other undesired mixer
outputs.

4,5.2.10 First 1O Amplifier

The first IO amplifier produces a
+21 dBm signal at MX1l (pin 8), from
0 dBm board inputs from 59.53 to
89.53 MHz at pin 3. Q5 and Q6 are
common gate FET's paralleled for a
50 ohm broadband input with a trans-
conductance to produce a 6 dB gain
into the 50 ohm load produced by T2.
The FET's are self-biased to 10 mA
by R16. L8, L9, and C20 form a 40
MHz high pass filter to reduce low
frequency LO noise.

Q4 1is a grounded emitter amplifier
with 15 dB gain which produces the
+21 dBm L0 signal required by MX1.
Q3 is a bias reqgulator which main-
tains the voltage drop across R1l4
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(due to the current of Q4) constant
by controlling the base current of
04 through R15. 112 and C28 broadly
tune the output for a relatively
flat response from 59.53 - to 89.53
MHz. Biased at 100 mA, the ampli-
fier can produce a linear output of
250 milliwatts.

4.5.2.11 Second 10 Amplifier

0ll and Q12 are paralleled JFET's
which produce a +10 dBm output at
MX2, pin 8 from a 0 dBm, 54.53 MHz
second IO input at board pin 4l.
The FET's are self-biased by R32 to
10 milliamperes. L35 and Cl2 match
the 50 ohm level of MX2 to 1.2k ohms
at the FET drain to produce a 10 dB
gain., With a 9 volt input at board
pin 37, Q13 produces an 8 volt bias
across R32 which cuts the LO ampli-
fier off, (cutoff voltage of Ql1,
Ql2 is 6.5 volts maximum) which in
turn cuts the mixer off and thus
breaks the signal path. This is
used as a noise blanker gate in the
MSR 8000D and may be used as a
transmit inhibit gate in transmit
applications.

4.5.2.12 Transmit Amplifier

0l and Q2 are feedback controlled
amplifiers which increase the level
of signals from the first mixer, MX1
to +17 dBm outputs, 1.6 to 30 MHz at
board pin 6. Signals from the
mixer, MX1 are routed through the
low pass filter (C4-C8, etc.) C3,
CR2, Cl4, and Cl1l5 to the base of Q2.
Q2 1is biased for 2.9 volts at the
base by R9, R10, and R1ll. R7 and R8
produce 30 milliamperes bias cur—-
rent, with R7 setting the gain and
R9 controlling the input/output
impedance of 50 ohms. C18 as well
as L7 compensate the high frequency
roll off. Ql is the identical cir-
cuit with values changed to produce
a capability of 160 milliwatts
linear output. In addition, the
base bias is altered to add CR3
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4.6 |IF FILTER BOARD, 1A1A6

The IF Filter board contains the
three 5 MHz information filters and
amplifiers (bilateral) used in both
transmit and receive modes. These
filters are: FL1 -lower sideband,
FL2 -upper sideband, and FL3 -AM.
The appropriate filter is selected
by diode switching via mode informa-
tion from the logic board, 1AlA9.
During the receive mode, the 5 Mz
IF signal from the mixer board,
1Ala5, is passed through the appro-
priate IF filter and further ampli-
fied in three stages. The gain of
the IF output is adjustable. An AGC
voltage 1is appnlied from the audio
squelch board, 1AlA7, to two of the
If amplifier stages to reduce the IF
gain oOn very strong received sig-
nals.

During the transmit mode, a double
sideband signal from the transmit
modulator board, 1AlA3, is applied.
The appropriate Eilter will remove
the unwanted sideband of the trans-
mitted signal. The signal 1is then
anplified and applied to the mixer
board, 1Al1AS.

Other circaits on this board include
an anplifier combiner, U3A, which
applies carrier for AME operation,
and X switches 9l and 02 which
apply voltages to the approoriate
transinit or recieve amplifier stage.

4.7 AUDIO/SQUELCH BOARD,

1A1A7
The aadio/squelch board is used in
the receive mode only.  This board

~

accepts the 5 Mz IF output Erom the
1F filter noard, 1AlA6, and performs
the final detection function to con-
vert the intermediate freyuency sig-
131l into usable intelligence in the
audio frequency range. This process
involves  two discrete, but not
simultaneous, detector functions. A
product  detector 1is used in all

T

modes except the AME mode. In the
AME mode an envelope detector is
used,

Two separate audio outputs are pro—
vided. A 600 ohm line audio output
is applied to the rear panel connec-
tor, 1A3J24, and a low level output
is applied to the speaker/driver
board, 1AlA8, to provide the front
panel speaker and headphones/handset
audio.,

Located on this board are an input
IF amplifier, AGC detector and
amplifier, AM/product  detector,
squelch amplifiers and gating cir—
cuitry. In the AME mode, AGC is
carrier derived, in CW, SSB and FSK
modes, AGC 1is derived from the
detected audio. Fast attack fast
decay 1is uded for AME and FSK sig-
nals, and fast attack slow decay is
used for sideband and CW signals.
AGC voltage to the IF filter board,
1a1A6, and delayed AGC voltage to
the mixer board, 1AlA5, controls the
receiver gain.,

Other circuitry and functions,
through this board, are side tone
and mute functions. The rear panel
audio (600 ohm) is wunaffected by
operation of the squelch control.

48 SPEAKER/DRIVER BOARD,
1A1A8

The speaker/driver board contains
the four watt speaker amplifier, DC
volune control circuit, tuning beep
generator and channel number buf-
fers.

Audio from the audio squelch board,

1a1A7, is applied to this hoard

through an opto-coupler. The resis—~"
tance of this ooto-coupler and thus

the output of the speaker/driver, U3

is a function of the setting of the

volune control located on the front

manel, 1A2,
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As the volume control is supplying a
variable u0C voltage only, hum and
noise rejection of the audio ampli-
fier is exceptionally good.

The audio output from this board
drives the front panel speaker, 1A2-
LSl, the headphone jack, 1A2-J32,
and the audio output pin of the
microvhone jack, 1A2-J34.

The beep tone, when enabled by the
function ENABLE/DISABLE  switch,
1A1A9-51-3, causes a dual timer, U2,
to generate 2 kHz '"beeps", as the
remote antenna coupler is operated.
The amplitude of the beeps can be
adjusted by the volume control.

The channel number buffers located
on the board buffer the BCD channel
number information from the logic
board, 1AlA9, hefore it is routed to
the rear panel accessory connector
1A3-J25.

49 TRANSMIT MODULATOR
BOARD, 1A1A3

The transmit modulator board con-
tains the speech compressor, bal-
anced modulator, AME carrier inser-
tion circuit, ALC amplifier and
control, CW tone gate and 5 MHz
double sideband amplifier.

Audio inputs from the front panel
(carbon or dynamic microphone) and
the 600 ohm audio input from the
rear panel, are translated into a 5
MHz double sideband signal and then
applied to the IF filter board,
1A1A6. Transmit ALC and ACC volt-
ages are applied to this board for
the establishment of the transmitter
gain. ALC controls the output in
CW, FSK and SSB, whereas, ACC con-
trols the carrier level in AME mode.
All transmit audio passes through an
audio compressor which maintains a
high average level of output. This
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ultimately results in a higher aver-
age level of RF output ovower from
the transceiver. In addition, no
micropchone level adjust control is
required. An adjustment, 1AlA3R1,
is provided on the bhoard to reduce
the 600 ohm audic input level, if
necessary, when audio levels from
accessory or optional equipment ex-—
ceeds the recomnended 0 dBm audio
input level,

The CW tone gate, U3, is an elec-
tronic switch which, in the CW mode,
supplies a 1 kHz signal (supplied by
the reference board, 1Al1Al2) to the
balanced modulator, U2, This signal
becomes the CW carrier, and is
applied as the TW key is closed. A
portion of the 1 kHz tone is applied
to the audio/squelch board, 1AlAa7,
for sidetone.

4.10 LOGIC BOARD, 1A1A9

The logic board contains the micro-
processor and supporting circuitry
and supplies frequency, band, mode
and channel information to other
assamblies and/or optional equip-
ment, This board receives input
data from the front panel and/or
rear panel accessory connector.
This data is processed by the micro-
processor, and then appropriate com—
mands are applied to other boards
in the radio for operation. In
addition, ten channels of memory can
be stored by U4. A low leakage
lithium battery maintains memory
power when operating power is not
applied or 1is removed from the
transceiver.

Also located on this board is the
program ENABLE/DISABLE switch, Sl.
This eight section switch allows
memory, beep tone, manual control
mode of the transceiver and surveil-
lance tune mode of the automatic
antenna coupler to be enabled or
inhibited.
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4.11 FREQUENCY SYNTHESIZER,
1A1A12, 1A1A13, 1A1A14,

1A1A15
The frequency synthesizer consists
of four subassemblies: reference

board, 1AlAl2, the minor loop board,
1A1A13, the translator loop board,
1A1A14 and the major loop board,
1A1A15. The synthesizer generates
the three 1local oscillator signals
that determine the operating fre-
quency of the transceiver. These
signals are obtained from the 5 MHz
reference oscillator directly, by
a combination of direct synthesis
and digital phase lock techniques.
Frequency accuracy is dependent only
upon the 5 MHz TCXO oscillator on
the reference board.

4.11.1 REFERENCE BOARD, 1AlAl2

The reference board contains the 5
MHz TCXO, which determines the fre-
duency accuracy OoOf the transceiver.

The third 1O (5 MHz) is supplied by
this board to the transmit modulator
board, 1AlA3, toO be used as a car-
rier generator on transmit, and to
the audio/squelch board, 1AlA7, to
be used as a product detector in-
jection signal on receive. The 1
kHz 1is also supplied to the minor
loop board, 1AlAl3, as a phase
detector reference. Other circuitry
on this board includes a +24 VDC
power supply and a 50 kHz reference
signal, both are applied to the
major loop board, 1AlAlS.

4.11.2 MINOR LOOP BOARD, 1AlAl3

This assembly supplies the 1-1.0999
MHz signal to the translator loop
board, 1AlAl4, that determines the
100 Hz, 1 kHz and 10 kHz digits of
the transceiver frequency. Input to
this board is a 1 kHz reference sig-
nal from the reference Dboard,

1a1Al12, and 100 Hz, 1 kHz and 10 kHz
data information froa the logic
hoard, 1AlA9.

4,11.3 TRANSLATOR LOOP BOARD,
1a1A14

The translator loop hoard provides
the 54.53 MHz second LO, which is
applied to the mixer board, 1AlAS.
This signal originates from a crys-
tal oscillator and is not referenced
to the frequency standard, therefore
a gmall frequency error can exist in
the second LO. Due to the mixing
scheme used in this assembly, the
samne error appears on the first 1O
frequency and is therefore cancelled
at the output of the firsrt mixor
board, 1AlA5. This hoard supplies
to the major loop board, 1AIATS, A
55.53-55.6299 M4z signal. This sig-
nal is essentially a wixtar2 of the
low digit signal 1-1.0999 MHz, and
the second IO (54.53 MHz including
frequency error).

4.11.4 MAJOR LOOP BOARD, 1AlAl5

The major loop board supplies the
first 10 signal (61.13-89,53 MHz) to
the mixer board, 1AlA5. The first
IO is a phase locked oscillator cov-
ering the frequency range of 61.1300
Mz to 89.5299 Miz, in 100 kHz
steps. The exact frequency of the
first 1O is given by:

Fl = 61.1300 + Fd + e (MHz)

where F1 = first IO frequency
Fd = dialed frequency
e = second 1O error

On receive, the first IO is used to
convert the iancoming signal up to
the first IF frequency (59.53 MHz).
On transmit, the first IO is used to
convert the transmit signal at the
first IF frequency down to its final
operating frequency.
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This board determines the 10 MHz, 1
MHz and 100 kHz digits of the trans-
ceiver frequency. Inputs to this
board are the 55.53-55.6299 MHz sig-
nal from translator loop board,
1A1Al4, a 50 kHz signal and +24 VOC
from the reference board, 1AlAlZ,
and 10 MHz, 1 MHz and 100 kHz data
information from the logic board,
1A1A9.

4.12 NOISE BLANKER, 1A1A1

The noise blanker is a high gain
noise pulse amplifier and detector
which is used to gate off the second
IO that 1is applied to the mixer
board, 1A1A5, thus effectively
blanking the receiver during periods
of interferring noise pulses such as
ignition noise, etc. The input of
the amplifier is tuned to 35 Miz
(above the transceiver operating
frequency). Impulse noise occupies
a wide bandwidth and can effectively
be amplified and detected at this
frequency. Using this frequency
prevents saturation of the noise
blanker by large signals in the 1.4
to 30 MHz band. The noise blanker
input 1is connected to the output
(ANT) of the half octave filter
board, 1AlA2, and the output of the
noise blanker is applied to the mix-
er board, 1AlAS.

4.13 POWER SUPPLY REGULATOR
ASSEMBLY, 1A1A10

The power supply regulator assembly
supplies two of the four regulated
operating voltages for the trans-
ceiver. The two voltages provided
by this assembly are +9 volts and +5
volts regulated DC. +12 or +24 VDC
from the rear panel power connector,
1A3330, 1is applied to the input.
Ul, and transistors Q1 and Q2 form a
+5 volt high efficiency switching
regulator., U2, and transistor Q3
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forn a +9 volt high efficiency reyu-
lator. The voltage output of the 5
and 9 volt regulators are adjust-
able.

The output of the 9 volt reyulator
is applied to the 1AlLA2, 1AlA3,
1Aa1A4, 1A1AS, 1alA6, 1AlA7, 1AlAS8,
1a2 and 1A3 assemblies.

The output of the +5 wvolt regulator
is applied to the 1Ala8, 1AlA9,
1alall, 1A1A12, 1Al1Al3, 1A1Al4,
1A1Al15 and 1A2 assemblies.

414 CHASSIS/MOTHER BOARD,
1A1A1A1

All subassemblies in the transceiver
are electrically or mechanically
connected to the chassis/mother
board. The chassis houses all plug-
in PC boards and provides shielding.
The mother board contains all inter-
connecting wiring in the  trans-
ceiver. All plug-in PC boards con-—
nect to the mother board through PC
edge  connectors. Keys on the
connectors discourage plugging PC
boards in the wrong slots. The only
components located on the mother
board are inductors and bypass capa-
citors, with the exceotion of the
receiver protector described in
4,14.1.

4.14.1 RECEIVER PROTECTOR
(PART OF 1AlAlAl)

The receiver protector consists of
two pair of back~to-back connected
reverse biased PIN diodes, refer—-
enced to +3 VDC and connected in
parallel with the receiver input
(receiver input to 1A1A4). Any RF
voltages 1in excess of three volts
peak will cause conduction of the
PIN diodes, thereby protecting the
receiver front end.

This type of circuit causes little,
if any, received signal attenuation,
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and does not degrade the excellent
receiver low IM distortion charac-—
teristics.,

4.15 FRONT PANEL ASSEMBLY,
1A2

The front panel contains all switch-
es and controls for transceiver op-
eration. The microphone connector,
1A2J34, auxillary connector, 1A2J35,
meter, speaker and antenna coupler
tune initiate pushbutton switch are
all located on the front panel.
Part of the front panel assembly
includes the front panel PC board
assembly, 1A2A1, which contains the
the frequency display and associated
circuitry. The front panel is plug-
gable to the transceiver wother
board via connectors 1A2A1-J28 and
1A2P17, and ribbon cable.

4.15.1 FRONT PANEL BOARD, 1A2Al
This board, which is part of the
front panel assembly, contains the

mode, channel, frequency display,
display drives and decoders. This
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board 1is connected to the front
panel via 1A2J27, and provides the
display digit select signals to the
front panel UP/DOWN toggle switches
to generate the TO and T1 commands
used by the microprocessor on the
logic board, 1AlA9, to change the
transceiver freguency. Signals from
the microprocessor are then applied
to this board via 1Al1A1A1-J18 for
the correct display of channel, mode
and frequency. Other circuitry on
this board includes the dimmer con-
trol circuitry and logic gates,
which in conjunction with the front
panel switches, supply +5 VDC for
operation of the mode switch.

4.16 REAR PANEL ASSEMBLY, 1A3

The rear panel assembly contains the
power input, antenna, 600 ohm audio,
and accessory connectors. The DC
power contactor, power amplifier
assembly, 1A3Al, and fuses are also
located on the rear panel assembly.
The rear panel is pluggable to the
transceiver mother board via con-
nectors P20, P24 and P25.
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SECTION 5
MAINTENANCE

5.1 GENERAL

This section provides information
for routine maintenance, repair and
evaluation of the overall perform-
ance of the transceiver. Modular
construction of the transceiver
lends itself to a logical and
straight forward troubleshootingting
procedure. By referring to the
overall and individual block dia-
grams, and using related level and
frequency information, a trouble can
be quickly localized to a particular
assembly. Voltage and signal levels
to all assemblies, except the power
amplifier, 1A3A1, and front panel,
1A2, may be measured on the mother
board, 1AlAalAl, at the appropriate
connector or signal point.

After establishing the existence of
a trouble in a particular assembly,
refer to the servicing information
for that assembly located elsewhere
in this section of the manual.

Figure 5.1 locates the transceiver
component assemblies and modules.
Figure 5.2 shows the locations of
the rear panel assemblies and compo-
nents.

5.2 PC BOARD REPAIRS
5.2.1 REMOVAL AND REINSTALLATION

Care should be used when removing PC
boards from the transceiver. The
card extractor, P/N 600268-618-001,
should be used if possible. If no
card extractor is available, a tem-
porary substitute can be made from a
porary substitute can be made from a
length of solid heavy gauge wire
(#10-%#12). Form a hook at each end
of the wire, and then insert each
hook into the holes provided at the

top outer edge of each PC board.
Apply gentle upward pressure near
each hook to free the board(s) from
their edge connectors.

NOTE

DO NOT USE PLIERS OR SCREW~
DRIVERS TO REMOVE THE BOARDS.

When replacing boards into the PC
sockets, insure that the board is in
its proper position in the card
guides at each board edge. Apply
light downward pressure to the top
edge of the board until it is fully
seated into its edge connector.

5.2.2 SOLDERING

To avoid damaging the PC boards dur-
ing the replacement of components,
extreme care should be used 1in sol-
dering and component removal. A low
wattage soldering iron (25-50 watts)
with a narrow tip should be used.

A low wattage iron 1is necessary to
prevent the application of excessive
heat to the copper foil of the PC
board. Excessive heat may cause the
foil to separate from the board,
rendering the board unrepairable.
Only a high quality electronic grade
rosin solder should be used in mak-
ing repairs.

CAUTION
DO NOT USE AN ACID CORE SOLDER.

Due to the circuit density on the
boards, solder "bridges" or short
circuits between adjacent foil runs
are possible, if care is not used

5-1
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Figure 5.1 Transceiver Assemblies and Modules
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during soldering operations. After
soldering is completed, the area
around the connection should be
closely inspected for excess solder
or "bridges" between adjacent runs
or connections. Any "bridges" or
excess solder between connections
must be removed before reinstalling
the board. Because of the double
sided construction used on the PC
boards, a component lead may be sol-
dered to printed circuit areas on
top and bottom of the board. Con-
sequently, when a component lead 1is
removed, the replacement component
should be resoldered top and bottom
as applicable.

5.2.3 C(CMOS DEVICE HANDLING
PRECAUTIONS

CMOS devices maybe damaged by static
voltages, and therefore the follow—
ing is recommended:

a) All MOS devices should be placed
on a grounded work bench surface,
and the repair operator should be
grounded prior to handling MOS
devices, since a person can be
statically charged with respect
to the work bench surface.

b) Nylon clothing should not be worn
while handling MOS circuit or de-
vices.

c) Do not insert or remove MOS de—
vices from sockets while power is
applied.

d) When soldering MOS devices, in-
sure the soldering iron used is a
grounded type.

5.3 ASSEMBLY AND SUBASSEMBLY

IDENTIFICATION

Table 5.5 and Figures 5.6 and 5.7
list and identify the assemblies and
modules used in the transceiver.
Figures 5.8 and 5.9 are interconnec-

5-4

tion/wiring diagrams for the trans-
ceiver. Schematics for each assem-
bly and module, parts lists, and
circuit descriptions are contained
in this chapter of the manual.

5.4 COVER REMOVAL

To remove the top from the trans-
ceiver, unsnap the two fasteners on
each side of the cover, and pull the
cover away from the front and rear
panel.

The top inner cover can be removed
by first removing the eight (8)
mounting screws that secure the
inner cover to the chassis. See
Figure 5.3.

5.5 TRANSCEIVER ALIGNMENT
AND ADJUSTMENT

As all modules and assemblies of the
transceiver are of high reliability,
solid state design, adjustments and
alignment is seldom, if ever, re-
quired. If a module or component
replacement or performance indicates
the need for adjustments or align-
ment, the following tables and pro-
cedures are provided.

Before performing adjustments, it is
recommended that Section 4, Func-
tional Description, and Figure 4.1,
the block diagram be reviewed for a
more complete understanding of the
transceiver,

5.5.1 PRELIMINARY TO RECEIVE
ADJUSTMENTS

(See Table 5.1 for recommended test
equipment.)

Before performing adjustments on the
transceiver:

a) Remove the transceiver key inter-
lock by removing the accessory



bacrs

b)

c)

connector, plug 1A3-P22, from the
rear panel. This removes the
jumper between pins "C" and "G"
(ground), thereby preventing the
transceiver from being uninten-
tionally keyed.

Connect an RF signal generator
(HP 8640B or equal) to the anten-
na connector of the transceiver,
1a3-J31.

Set the generator frequency and
output as listed in Table 5.2.

d)

e)

TTT

See Figures 5.1 and 5.4 for the
locations of the modules and ad-
justments.

Audio output may be measured by
an audio voltmeter (HP 400LR or
equal) connected to the 600 ohm
receiver output (1A3-J21, pins
"All and "J" ) R

To make some of the adjustments
on the assemblies, it is neces-
sary to use an sextender card
{optional equipment, part number
601198-536-001) .

5-5
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TABLE 5.1

RECOMMENDED TEST EQUIPMENT

RF Signal Generator: Hewlett Packard Model 8640B
RF Volt Meter and Adapters: Boonton Model 91C with 100:1 Divider
Spectrum Analyzer: Hewlett Packard 141T System with IF
Module and 0-110 MHz and 0-1.2 GHz RF Heads
Power Supply: Hewlett Packard Model 6296 |
. Oscilloscope: Tektronix Model 465
Audio Oscillator: Hewlett Packard Model 204D (2 Req'd)
Frequency Counter: Hewlett Packard Model 5328A with high
stability time base
50 Ohm Coaxial Resistor: Bird Model 8322
RF Wattmeter: Bird Model 43 with S50H and 250H elements
Volt Ohm Milliameter: Simpson Model 260
Digital Volt Meter: Beckman Model Tech 310
Distortion Analyzer: Hewlett Packard Model 334A
Miscellaneous: Assorted RF Cables, Adapters, Connectors

and Power Cables

Power Supply Module Extractor
ITT PN 600270-618-001

PC Board Extender Cards (2 Req'd)
ITT PN 601198-536-001
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5.5.2 PRELIMINARY TO TRANSMIT antenna jack, 1A3-J31.
ADJUSTMENTS
c) Connect an oscilloscope (minimum
a) Reinstall accessory plug, 1A3- 30 MHz bandwidth) and an RF mil-
P22, on the transceiver rear livoltmeter/voltmeter across the
panel. 50 ohm load. A 100:1 resistive
divider is recommended as RF vol-
b) Conmnect a 50 ohm, 200 watt resis- tages up to 90 VRMS may be pres—
tive load to the transceiver ent at the 50 ohm load.
TABLE 5.2

RECEIVE ADJUSTMENTS

ASSEMBLY ADJUSTMENTS AND PERFORMANCE
1A1A10 Power Supply R12-5 VDC Adj: Measure DC voltage at 1AlAlAl1-J13,
Regulator Board pin D, adjust for 5.0 VDC

R16-9 VDC Adj: Measure DC voltage at 1AlAl1-J13,
pin B, adjust for 9.0 VDC

1A1A5 Mixer Board L1, C33, C35, IF Out Adj: Frequency to 11.6 MHz
mode to USB. Apply 0.5 uV RF, adjust for maxi-
mum audio output. Output should be better than
10 dB S+N+D/N+D.

1A1A7 Audio/Squelch R5-Delay AGC Adj: Apply 100,000 pvV RF in. Adjust
Board for 1.3 VvDC at Tp-2.

R2-Front Panel Meter Adj: With same RF in as
above, adjust for meter indication of 80 dB.

R25-8quelch Maximum Threshold Limit Adj: Front
panel squelch control maximum clockwise apply
20 pV RF in. Adjust until squelch just "opens".

1A1A6 IF Filter Board R31-AGC Threshold Adj: Apply 6.0 uV RF in. Adjust
for slight indication of front panel "S" meter.
(This adjustment should be made simultaneously
with the 1Al1A7 board adjustments.)

1Aal1All Noise Blanker See 5.17.3.

5-10
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TABLE 5.3

TRANSMIT ADJUSTMENTS AND ALIGNMENT

ASSFMBLY

ADJUSTMENTS AlID PERFORMANCE

1A1A2 Half Octave
Filter Board

1A1A3 Transmit
Modulator Board

Rl8-Temperature Sense Adj: Insure that PA heat
sink temperature is at ambient (approximately
22°C, 70°F)., Measure the DC voltage at Tp-3.
Adjust for 0.2 volts +.05 volts. If Fan Option
is connected, refer to Section 6.1.3.

R39-Modulator Level Adj (USB Mode): 'Temporarily
remove IF Filter board, 1Al1A6. Apply 1 kHz
audio to J34, pin E (MIC input) and pin A (GND),
or via rear panel audio connector J21, pins E &
F. Connect an oscilloscope (or an AC voltmeter)
from TPl to GND. Key transmitter. Slowly apply
audio until audio compression starts to occur
(audio output does not increase as audio input
is increased). Adjust R39 for 0.25 vpp (0.088V
RMS) .

NOTE

Transmitter power adjustments should
be made carefully to prevent damage

to the RF power amplifier. Prelimi-
nary adjustments to set the high power
limit (R51) should be made quickly.

R51-0Output Level Adj: Transmitter frequency to
26.6 MHz. Temporarily adjust R83 max. clock-
wise and R51 to counterclockwise position.
Reinstall IF Filter board. Key transmitter.
Adjust R51 clockwise until RF voltmeter (or RF
wattmeter) indicdtes 85V RMS (144 watts) RF
output. Adjust R83-AIC adjust counterclockwise
until 79V (125 watts) RF is indicated. Unkey
the transmitter.

RB3-AIC Adj: Change frequency to 2.6 MHz. Key
transmitter (USB mode and 1 kHz audio input).
Adjust R83 for 79V (125 watts) RF output.
Unkey the transmitter.

5-11
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TABLE 5.3
TRANSMIT ADJUSTMENTS AND ALIGNMENT

(continued)

ASSEMBLY

ADJUSTMENTS AND PERFORMANCE

1A1A2 Half Octave
Filter Board

1AIA3 Transmit

Modulator Board

1A1A2 Half Octave
Filter Board

'

t

C2-ALC Compensation Adj: (This adjustment normally
made in oconjunction with adjustment of 1A1A3-R83
ALC adjust.) Set freguency to 29.999 MHz. Key
transmitter and adjust for 79V (125 watts) RF
output.,

Alternate between the adjustment of R83 on Transmit
Modulator board and C2 on Half Octave Filter board
until 79V RF (125 watts) output is indicated on 2.6
and 29.999 MHz,.

R78-1 kHz Level, CW Power Adjust: Fredquency to 2.6
MHz, mode to CW. Temporarily remove IF Filter
board 1A1A6. Key the transmitter. Measure the
1 kHz signal at TPl. With external 1 kHz audio
input to transmitter, switch mode from CW to
USB. Compare the voltage at TPl. In CW mode,
adjust R78 for the same voltage at TPl as in USB
mode. Unkey transmitter. Reinstall IF board.
Key transmitter. Compare CW power out to USB
power out (with 1 kHz tone). The RF output
should be nearly equal (+ 1.2 volt or 2 watts).
If CW power and USB power (with 1 kHz tone)
differ more than + 1/2 volt or 2 watts (with
equal output @ TPl in USB and CW mode), the
value of R80 (normally 22k) can be increased or
decreased in value until both outputs are equal.
Increasing R80 increases the CW output, and
decreasing the value of R80 decreases the CW
power output relative to USB power. R80 values
are typically 14k to 22k ohms.

R8-Forward Power Adj: Frequency to 2.6 MHz, mode
to CGW. With front panel Tx power switch in
"FWD" position, key the transceiver and adjust
for a front panel meter reading of 1.2.

5-12
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TABLE 5.3
TRANSMIT ADJUSTMENTS AND ALIGNMENT
{ continued)
ASSEMBLY ADJUSTMENTS AND PERFORMANCE
1A1A3 Transmit Rl7-Carrier Insertion Adj: (Final) frequency to
Modulator Board 11.600 MHz mode to AM. Apply 1.5 kHz modula-

tion. Adjust audio input level from audio
oscillator for 0.25 VPP at TP-l. Observe the
modulated RF output on the scope. Adjust R17
for a 100% modulation pattern. Increase R17
clockwise until the modulation pattern indi-
cates approximately 80% modulation.

R92 & R31-Carrier suppression Adj: Frequency to
11.60 MHz, mode to USB. Key transmitter but
do not apply input audio to transceiver.
Adjust for minimum output on the RF voltmeter.
(R92 once set will not normally require

readjustment.
1A1A4 High Pass R46, 47, 48, and 49-A3A Carrier Adj: Select A3A
Filter Board mode and frequency 1.6 MHz. Observe output on

the spectrum analyzer with a two tone audio
input (0.25 vpp on 1AlA4 TPl). Adjust R49 on
High Pass Filter board until the carrier is 16
dB below each tone. (COW increases the carrier).
In a similar manner, adjust R48 at 3.9 MHz, R47
at 13 MHz, and R46 at 20 MHz.

1A3A1 RF Power See 5.25.4.
Anplifier Module

5-13
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TABLE 5.4

MSR 8000D TROUBLESHOOTING CHART

SYMPTOM

PROBABLE CAUSE

Receiver inoperative, display and
and meter not illuminated.

No audio or background noise at
speaker or phones jack. Meter
indicates an RF signal present.

No audio or background noise
in all modes, meter and dis~
play are illuminated.

DC Power (12 or 24V) from DC
source not present.

DC Power Cable defective or not
connected.

13 Volt Supply Fuse 1A3F2 open.
Contactor 1A3K1l on rear panel
not functional.

Cables 1A3P20 and/or 1A3J45 not
plugged into Mother Board
1alalal.

Defective Power Supply Regulator
Module 1AI1AlO.

Defective Front Panel Volume
Control Power Switch 1A2S15.

Speaker Switch at "OFF" or
defective.

Volume Control at "MIN" posi-
tion.

Squelch Control at "MAX" fully
clockwise position.

Defective Speaker Driver Board
1A1A8.

Defective Audio Squelch Board
1a1A7.

Synthesizer "Loss of Lock" Light
is indicating (see 2 below).
Defective Synthesizer Board
1a1Aa12, 1A1A13, 1AlAl4, or
1A1A15.

Speaker switch at "OFF" or
defective.

Volume Control at "MIN" posi-
tion.

Squelch Control at "MAX" fully
clockwise position.

Defective Speaker Driver Board
1A128.

Defective Audio Squelch Board
1A1A7.

Defective IF Filter Board
1A126.
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TABLE 5.4
MSR 8000D TROUBLESHOOTING CHART
{continued)
SYMPTOM PROBABLE CAUSE
AM Mode Normal, other modes 1. 3rd L.O. injection absent at
inoperative. 1A1A7 Audio Squelch Board.

2. Synthesizer Reference Board
1A1A12 defective.

3. Defective Logic Board 1AlA9.

. Defective Mode Switch 1A2S7.

Distorted audio at speaker. 1. Condition may be normal if
transmitter of originating sig-
nal is defective. :

2. Defective Speaker Driver Board :

1A1A8.
3. Defective Audio Sguelch Board
1A1A7.
Received signals weak in 1. Defective High Pass Filter Board
all modes. “S" meter indi- 1A1A4.
cates low. 2. Defective Mixer Board 1AlA5.
3. Defective IF Filter Board 1AlA6.
4, Defective Noise Blanker Board
1A1All.
Transmitter will not key. 1. Microphone Connector 1A2P34
Remains in receive. improperly attached to Front
Panel Microphone Input Connector
1A2334.
2. Defective microphone or micro-
phone cord.
Transmitter will not key, 1. Key Interlock Jumper from Pin
but transmit indicator is MC" to "G" on accessory con—
ON and received is muted nector 1A3J22 is open.
(except in (W mode), when 2. Defective High Pass Filter
microphone button is Board 1Alad,
depressed. Front panel 3. Connector 1A3P20 not connected
"Fault" light is not ON. to 1A1Al1Al1J20 on the Mother
Board.
4, Inoperative Relay 1A3A1K2 on
PA Module.
Transmitter will key, but 1. Defective PA Fuse 1A3Fl.
low or no RF output any 2. Excessive Antenna VSWR.
mode. Fault Light is ON. 3. PA over temperature or over-

current condition.
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TABLE 5.4
MSR 8000D TROUBLESHOOTING CHART
(continued)
SYMPTOM PROBABLE CAUSE
4. Defective Half Octave Filter
Board 1AlA2.
5. Over-Current Adjustment 1A3Al
R16 on PA module improperly
adjusted.
6. Defective PA Module 1A3Al.
Transmitter will key, but low 1. Defective Transmit Modulator
or No RF output any mode. Fault Board 1AlA3.
Light is OFF. 2. Defective IF Filter Board 1AlA6.
3. Defective Mixer Board 1AlA5.
4, Defective High Pass Filter Board
1a1a4,
5. Defective PA Module 1a3Aal.
6. Defective Half Octave Filter
Board 1AlAZ2.
7. Defective Synthesizer.
Transmitter keys; output in 1. Defective Transmit Modulator
all modes except CW. Sidetone Board 1AlA3.
is heard in speaker. 2. Defective Logic Board 1AlA9.
Transmitter keys; output in 1. Defective Reference Board
all modes except OW. MNo 1alal2,
sidetone is heard in speaker. 2. Defective Transmit Modulator
Board 1A1A3.
3. Defective Coaxial Cable on
Mother Board 1AlAalAal J6-25 to
J9-30.
Transmitter keys; output in 1. Defective microphone or micro-
CW, carrier*in AM, but no phone cord.
modulation in AM, LSB, or USB. 2. Defect in microphone circuit
wiring on Front Panel Assembly
1A2 or harness from front panel
P17, to Mother Board J17.
3. Defective Transmit Modulator
Board 1Al1A3;
Transmitter keys; output OK 1. Defective Transmit Modulator
in OW, USB, LSB, but no Board 1AlA3.
carrier in AM. 2. Defective Half Octave Filter
Board 1AlA2.
3. Defective or improperly adjusted
Reference Board 1A1Al12.
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TABLE 5.4
MSR 8000D TROUBLESHOOTING CHART
(continued)
SYMPTOM PROBABRLE CAUSE
AM carrier too high or too 1. 1AlA2 - R13, ACC Adjust on

low.

AM carrier too high, cannot
adjust.

LSB, USB and CW output too high
or too low.

Improper carrier level in A3H
Mode.

Frequency display does not
change when frequency select
switches are operated.

Unable to program or repro—
gram memory. Front panel
memory light does not indi-
cate.

Half Octave Filter Board, and/or
1A1A2 - C53, ACC compensation
adjust controls incorrectly
adjusted.

Defective Half Octave Filter
Board 1AlA2.
Defective Transmit Modulator
Board 1A1A3.

1A1A3 - R83 ALC adjust on trans-
mit Modulator Board 1AlA3, and/
or 1AlA2 - C2, ALC compensation
on Half Octave Filter Board,
1A1A2, improperly adjusted.

A3A adjust variable resistors
1A1A4 R46, R47, R48 and R49 on
High Pass Filter Board 1AlA4
improperly adjusted.

Defective High Pass Filter Board
1A1A4.

Front panel "Channel/Freq"
switch is not in "Freq" posi-
tion.,

Manual Freq Enable Switch
1A1A9-S1-2 located on Logic
Board 1AlA9 is in the "OFF"
position. (See Para. 3.4 in

manual.

Front Panel Mode Switch is in
the Remote position.
Defective Logic Board 1Al1A9.

Front Panel Memory/Ioad Switch
not in "load" position.

Memory Program Enable Switch
1A1A9-S1-1 located on Logic
Board 1A1A9 is in the "OFF"
position. (See Para. 3.4 in
manual.)

Defective Logic Board 1A1A9.
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5.6 LOGIC INTERPRETATION

Several types of digital devices are
used in the transceiver. The fol-
lowing descriptions are presented to
explain their basic operation and
symbolic notation. The digital de-
vices used (gates, flip-flops, in-
verters, etc.) are binary in nature,

that is, the output voltage of each
can be only in two permissible
states. The two possible states are
called logic "1" and logic "0". The
assignment of voltage levels to
these states is arbitrary. However,
in this manual positive 1logic is
standardized, which means we define
the logic states as shown below.

LOGIC STATES
TTL CMOos
LOGIC 1: Normally greater than 2.0 Volts 7.0 Volts
LOGIC 0: Normally less than 0.8 Volts 3.0 Volts
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5.6.1 GATES

A gate 1is 2 circuit element whose

output level depends upon the levels pattern.
AND GATH
INPUTS

TTT

of all of its inputs in a particalar

QUTPUT

B

-o-o0
-—0o0|w

The AND gate can have two or more

—00O0

truth table for the AND gate if any

inputs, the level of its output is input 1is 0, the output will be O,
dependent on the state of all input For the output to be 1, all inputs
levels. IT can be seen from the must be 1,
NAND GATE
A INPUTS |OUTPUT
A B
B Q 0] |
! 0 |
0 1 1
| [ 0o
The outputs of the NAND gate are the input is 0O, the output will be 1.
opposite of the AND gate. If any
OR GATE
INPUTS [OUTPUT
A A B
0] 0 0
B I 0 I
0 | |
| | I

The output of the OR gate is 1 if

any input is 1.
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NOR GATE

The output of the NOR gate' is the
opposite of the OR gate. The output

5.6.2 INVERTER

The inverter has a single input.
The output level is the opposite of

5.6.3 VOLTAGE COMPARATOR

—

The voltage comparator has two in-
puts, V+ and V-, The V+ input is
normally counnected to a fixed or
reference voltage. The V- input is
usually variable. As the V- input
becomes more positive and exceeds

5-20

INPUTS | OUTPUT

- 0O0—0|p
—-— 00|

QOO —

is 0 if any input is 1.

INPUT QUTPUT

the input level.

OQUTPUT

the V+ input level, the output
switches low., If the V- input volt-
age becomes less positive than the
V+ reference input, the output
switches to a high level once again.



5.6.4 J-K FLIP-FLOP

TTT

PRE
-V Q

CLK

K Q
CLR

The flip-flop is a memory device
that stores a logic state. The
above symbol is that of a J-K flip-
flop. The state of which is refer-
red to by the level of the Q output.
If, for example, the Q output is
high, the FF (flip-flop) contains a
1. The Q (Q NOT) output is always
the opposite of the Q output. The
state of the FF can be changed in
two ways. It can be changed by
means of the clock input, or by the
PRESET and CLEAR inputs. The effect
of an applied clock pulse on the
state of a FF depends upon the J and
K inputs. The J input must be high
for a clock pulse to cause a 1 out-
put. The K input must be high for a
clock pulse to cause a O output. If
both J and K inputs are high, the FF
toggles (changes state) on each ap-
plied clock pulse.

The PRESET and CLEAR inputs operate
independently of the clock. A high
level input to the PRESET line
drives the FF to a level 1, while a
high input to the CLEAR 1line drives
the FF to a 1level 0. Some circuits
PRESET or CLEAR with a low level in-
put instead of a high 1level. This
is indicated by a "circle" at the
appropriate input terminal.

5.6.5 MICROPROCESSOR

The microprocessor is basically a
small computer contained within an
integrated circuit. This is a de-
vice that can store, retrieve, and

process data. They are'manufactured
in many different configurations.
The microprocessor, used 1in this
transceiver, contains an 8 bit cen-
tral processor unit, a 64 byte on
chip RAM, 27 input/output lines, and
an internal clock. It is configured
in a 40 pin dual in line package.

5.6.6 INPUT/OUTPUT PORT
(8 BIT LATCH)

The input/output port is an inter-
face device for use with a micro-
processor. It contains, within one
package, a large number of gates,
buffers, and flip-flops. They are
manufactured in many different con-
figurations. The in/out port used
in this transceiver is configured in
a 24 pin dual in line package.

5.6.7 RAM

Random access memories are logic
elements that can be reprogrammed
over again many times, and the in-
formation stored, can be retrieved
by utilizing read/write, and address
inputs. A 1024 bit CMOS RAM is used
in the transceiver memory system for
reliability and low power consump-
tion. It is configured in a 22 pin
dual in line package.

5.6.8 INPUT/OUTPUT EXPANDER

The input/output expander is an in-
terface device for use with a micro-
processor. The function of which is
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to increase the permissible number
of inputs and outputs to the micro-
Processor., It contains within one
package, a large number of buffers,

5-22

latches, decoders, and other logic
circuitry. Two I/0O expanders are
used in the transceiver. They are
configured in 24 pin dual in line
packages.
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1A2

TA1A1A1

‘Figure 5.7 Bottom View with Cover and Shield Removed
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TABLE 5.5
TRANSCEIVER ASSEMBLIES

|
| RS
{

[T i
casor vz A

VIS 1 TS S

DLUARLEMBLY

DESCRIPTLON

PART NUMBER

9

g2

o

s

a2

1A3

1A4

1Aa5

1ALA3
L ¥ 'J 13\4

1ALAD
LAlan
LALA7
LALAYS

1AlAY
1AlAl0
1AlAl0AL

1A1ALL
LAlAal2
1AlAl3
1AlAl4
1AlALS

La2al
1a2a2

1A2A3
1A2a4

1A3A1
1A3A1
1A3A1A1
1A3A1A1

1A3A2

Recelver/bxeiter Assembly
Chassis Assembly

Mother Board Assembly

tlalf Octave Filter PC Board

Assaibly

Transmit Modulator PC Woard
Assembly

iligh Pass Filter PC Soard
Assaibly

iign [evel Mixer Board Assembly

IF/Filter PC Board Assembly

Audio/Squelch PC Board Assembly

Speaker/Driver PC Board
Assenbly

Logic PC Board Assembly

Power Supply Assembly

Switching Power Supply PC Board
Assembly

lloise Blanker PC Board Assembly

Reference PC Board Assembly

Minor Loop PC Board Assembly

Translator Loop PC Beard
Assembly

Major Loop PC Board Assenbly

Front Panel Assembly

Front Panel PC Board Assembly

Meter Mounting PC Board
Assembly

Resistor PC Board "A" Assembly

Resistor PC Board "B" Assembly

Rear Panel Assembly

Power Amplifier Assembly, 24V

Power Amplifier Assembly, 12V

Power Amplifier PC Board
Assembly, 24V

Power Amplifier PC Board
Assembly, 12V

Rear Panel Connector Board Assembly

Bottom Cover Assembly, Gray

Bottom Cover Assembly, Olive
Drab

Top Cover Assembly, Gray

Top Cover Assembly, Olive Drab

190022-001~00!
+0410-705~-001
»01084-536-001
»01091-536-001

»01078-536-002
©01086-536-001

601258-536-001
601076~-536-001
601077-536-002
601120-536-001

©01087-536-002
600411-705-001
601085~-536-001

601079-536-001
601080-536-001
601082-536—-001
601083-536-001

601081-536-001
601089-539-001
601089~-536-001
601121-536-002

601139-536-002
601140-536-001
600080-539-001
600407-705-001
600407-705-002
601192-536-001

601192-536-002
602011-536-001
600667-612-001
600667-612-002

600062-539-001
600062-539-002

Viiaiadd

{
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Remote Control

Figure 5.9 Transceiver Simplified Wiring
Diagram Without Full Function
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5.7 MOTHER BOARD, 1A1A1Af1

This board, Figures 5.10, 5.11,
5.12, 5.13 and 5.14, is the elec-
trical main frame of the trans-
ceiver. All subassemblies in the
transceiver, with the exception of
the meter board, 1A2A2, and resistor
boards A and B, 1A2A3 and 1A2A4, are
electrically connected to the
mother board. A total of 24 con-
nectors interface the subassemblies
to the mother board. All connectors
are of the positive locking quick
disconnect type, thus assuring fast
and efficient module service or
replacement. All electrical compo—
nents (excluding connectors and fil-
ter capacitor C52, are located on
the bottom side of the board for
easy access.

5.7.1 RECEIVER PROTECTOR

This circuitry, Figure 5.10, located
on the mother board, serves to pro-
tect the receiver input from exces-
sive RF voltages. Refer to the
mother board schematic, Figure 5.11.
The receiver protector consists of
pin diodes CR1, CR2, CR3, and CRrR4,
6.2V zener diode CR5, resistors Rl
thru R4 and inductor 1L23. Receiver
input signals are applied to the
high pass filter board, 1AlA4-J14,
pin 42, Connected in parallel with
this input wvia R4, are diodes CR1
and CR2, and in parallel reverse are
diodes CR3 and CR4. Diodes CR3 and
CR4 are 1in series with zener diode
CR5, which establishes the cathodes
of CR3 and CR4 at +6.2 VDC. Resis—
tors R2 and R3 form a voltage divi-
der which, via inductor 123, refer-
ences the anodes of CR3 and CR4, and
the cathodes of CR1 and CR2 to +3.1
V. Thus all four pin diodes are
reverse biased at a potential of
+3.1 wvolts. The RF input voltage
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amplitude to the high pass filter is
therefore limited to 3.1 volts maxi-
mum negative or positive. If this
amplitude is exceeded, diodes CR1
and CR2 or CR3 and CR4 will conduct,
thereby protecting the receiver
front end.

5.7.2 MOTHER BOARD ACCESS AND
REMOVAL

All components on the mother board,
except connectors and filter capaci-
tor C52, are located on the bottom
side of the board, thereby providing
complete access to these components,
by removal of the transceiver bottom
cover and mother board bottom
shield. Removal of the mother board
assembly, 1AlAlAl, should rarely be
necessary. If the need for mother
board removal should occur, the
mother board can easily and quickly
be removed as follows:

a) Remove the front and rear panel
assemblies, 1A2 and 1A3, by
removing the mounting screws (two
on each side of each panel)} that
secure the panels to the chassis
and unplug each panel assembly
from the mother board.

b) Remove each subassembly from the
mother board.

Remove the twelve (12) screws
that secure the mother board to
the chassis assembly, 1alAl (four
screws are located on each side
of the board and four screws are
located in the middle of the
board).

c) The mother board should now be
completely detached.

d) To reassemble, reverse the pre-~
ceding steps.

ud;‘

o




prean

53

fprocirecty

[

[E——

forir, ATARR

S

=

-]

L

J1S HALF OCT FILTER

£3/726v INPUT

9V

JI1 NOISE BLANKER

NB GATE

Ccsel

es)

J1 LOGIC

Ccas}

J13 REGULATOR BO

—_—

[c29] -

s [ ]

601084-536

ISS f

3

J16 HALF OCT FILTER

2

>
Ed
.

(601084-536)

ITT

SYMBOL

DESCRIPTION

PART NUMBER

J8 AUDIO SOUEL

.

[ns ]

.

i

[cso]

[es1]

J4 SPKR DRIVER

Cil

Td -

Ko oz

J2 LOGIC

44

a, 2
c3-10, C28, C29,
C43-45, C33, C35,
c36, Cl4, C17,
C60-65, C40, C50,
cs51, C53-56

cl, cl2, ¢s9
c13, Cl6, C26,
€27, C30-32, C34,
C37-39, €58, C46-
48, c4l, c42

€15, C18-25,
C66-74

c52

c57, C75-81

CR1-4
CRS

J39
Jl-12, J14-16
J13-a, J13-B,
J13-C, J13-D
J17
Jl8
J20
J24
J25

L1-14, L16-20
121, 122, L25,
126

123, L24, Li5

P26, P38

PA-1
PA-2
PA-3

Rl, RS
R2, R3
R4

Capacitor, .1 uf, 50V
Capacitor, .1 uf, S0V

Capacitor, .001 uf, SOV
Capacitor, .0l uf, S50V

Capacitor, 1 uf

Capacitor, 1000 uf
Capacitor, 1 uf, S0V

Diode, HP5082-3188
Diode, IN5341A, 6.2V

Conn., Coax, Female
Conn., 22 Pin
Plug, Banana

Conn., 34 Pin
Conn., 26 Pin
Conn., 14 Pin
Conn., 16 Pin
Conn., 40 Pin

Choke, 33 H
Choke, 180 \H

Choke, 100 H

Conn., Coax, Male
Assenbly, Coax
Assembly, Coax
Assembly, Coax
Resistor, 470q, 1/4W, 5%

Resistor, 1k, 1/4W, 5%
Resistor, 1g, 1/4W, 5%

600226-314-008
600272-314-001

600272-314-004
600272-314-002

610045-319-350

600259-314~-108
600226-314-008

600144-410-001
600026-411-009

600385-606—001
600125-605-001
600092-611-003

600174-608-023
600174-608-022
600174-608-021
600174-608-025
600174-608-024

600125-376—007
600125-376—022

600125-376—002
600198-606-002
600440-540-001
600440-540-002
600440-540-003
647004-341-075

610014-341-075
610084-341-075
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Figure 5.10 Mother Board Assembly
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5.8 HALF OCTAVE FILTER BOARD,
1A1A2

5.8.1 GENERAL

This board, Figures 5.15/16 performs
part of the receive mode preselector
function, and in the transmit mode,
filters the output of the power
amplifier. Tlocated on this board
are eight (8) elliptical 1low pass
filters with cut off frequencies of
2, 4, 6, 9, 13, 20 and 30 MHz. Also
located on this board are the VSWR
detector, ALC detector and ampli-
fier, ACC detector and amplifier and
via feedback from the power ampli-
fier assembly, 1A3Al1, circuits that
will protect the solid state PA from
conditions of VSWR, over current,
over voltage and over temperature.

The desired elliptical filter is
selected automatically by relays
which are controlled by ground sig-
nals from the logic board, 1AlA9,
In the transmit mode, these filters
reduce the harmonic output to better
than -50 dB. In the receive mode,
these same filters attenuate signals
that are above that of the desired
band of operation.

5.8.2 DETAILED DESCRIPTIOHS
5.8.2.1 Filters

The different filters are selected
by grounds being applied to pins on
the interface connectors. For ex-—
ample, band 1 (Bl) is selected by a
ground on pin 24. This causes Q12
to conduct, placing 11 - 13 VDC on
the coils of relays K15 and Kle,
causing them to energize. When en-
ergized, the RF power 1is routed
through L15 and L16. Note that all
other filters are shorted to ground
when not being used.

The components in the filters have
been optimized to provide an input
impedance of 38-62 ohms with a phase
angle of less than + 30° when the
output is terminated with 50 ohms.
This is required in order to provide
a low VSWR for the solid state PA.
The inductors for bands 1 - 4 are
wound on low loss toroid cores,
while those for bands 5 - 8 are
wound on phenolic forms.

5.8.2.2 VSWR Detector

The VSWR detector consists of trans-—
former T1, capacitive voltage divi-
der C7 and C8, CR2, CR3, and associ-
ated circuitry. Current transformer
Tl (single turn primary) produces a
voltage proportional to the current
in the line. Tt is heavily loaded
by R5 and R6 to flatten its fre-
quency response from 1.6 to 30 MHz.
Capacitive divider C7 and C8 samples
the voltage on the line and adds it
to the current sample voltage at the
junction of R5 and R6. Therefore,
the voltage applied to the anodes of
CR2 and CR3 is the vector sum of the
current sample and the voltage sam-
ple. The transformer is phased such
that the voltage sample and the cur-
rent sample add together for CR2
(forward power) and subtract for CR3
(reflected power). When the volt-
ages from the current sample and the
voltage sample are in phase and
equal in magnitude, the reflected DC
output (CR3) 1is minimum and the
forward DC (CR2) is maximum. The
component values are selected so the
sample voltage phase and magnitudes
are equal when terminated with 50
ohms with no phase angle. The P, DC
output is fed to the base of Q3 to
reduce the PA drive for VSWR condi-
tions. The Pf DC output 1is fed
through R8 to pin 10 of Pl6. It is
used to drive the front panel meter
in the transceiver to indicate
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transmit power. (The DC voltage for
the reflected power indication is
supplied by the automatic antenna
coupler, if used.)

5.8.2.3 ALC Detector and Amplifier

Rl, R2, CR1l, Ql and associated com—
ponents are used to provide a DC
voltage proportional to the peak
value of the RF passing through the
VSWR detector. The output line (125
watts) (pin 38, P16) is sampled by
resistive divider Rl and R2. Capa—
citors Cl and C2 are used to compen-
sate the AC sample applied to diode
CRl. This compensation is necessary
to decrease the AIC sample at the
higher frequencies and allow more
drive to the PA. C2 is normally ad-
justed to provide 125 watts CW power
at 29.9 and 1.6 MHz. The AC sample
is rectified by CRl1 and fed to the
base of Ql. The DC output from Q1
is fed to pin 41 of Pl6é. 1In the
transceiver, the ALC voltage is fed
to the transmit modulator and con-
trols the TGC voltage. 125 watts
(79 VRMS) generates a DC voltage of
5.5 to 6.5 volts. R4 and C6 provide
the ALC time constant. R4 is used
to provide a fast rise time for the
ALC voltage.

5.8.2.4 ACC Detector and Amplifier

The ACC detector and amplifier con-
sists of R9, RiI0O, CR4, CR21, CR5,
R13 and Q2. A sample of the voltage
on the line is generated by resis-
tive divider R9 and R10. Frequency
compensation of the sample is accom-
plished by C51 and C53. Voltage
doubler C52, CR21 and CR4 rectify
the AC sample and drive Rl12. CR5
is a zener diode that is used to
clip modulation peaks when operating
AME. This prevents downward modu—
lation of the carrier. The clipped
DC sample is applied to R13, which
is used to set the level of AM car-
rier.
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Transistor Q2 is the ACC amplifier
and is a FET. It is cut off in the
absence of ACC sample by two volts
applied to the source by resistive
divider R16 and R20. The gate of Q2
is driven from R13 through R14. C56
and C57 are RF bypasses. An exter-
nal ACC voltage can be fed to Q2
from pin 16 of Pl6. This is used
when the transceiver is driving an
external amplifier and the drive
fron the transceiver must be re-
duced. The output from the ACC am-
plifier (Drain) is fed to pin 20 of
P16. The ACC line is fed to the
transmit modulator board in the
transceiver and when the voltage on
this line is reduced, the drive to
the PA is reduced.

Transistor Q4, along with R22, R23,
CR8 and R24 is a switch that dis-
ables the ACC amplifier when the
transmitter is conditioned to any
mode other than AME. The gate volt-
age of Q2 is shorted to ground any
time the AMT line is not at logic 0.

03, Q14 and Q13 and associated cir-
cuitry are used to protect the solid
state PA from conditions of VSWR,
OC, OV and temperature. A VSWR
fault causes an output from CR3 in
the VSWR detector. This DC is ap-
plied to the base of Q3. When Q3
conducts, its collector voltage de-
creases from 4+8 VDC, causing CR7 to
pull down the ACC line, decreasing
the drive to the PA. In a similar
manner, OC or OV DC inputs to pins
22 and 24, respectively, will cause
a decrease in the ACC voltage. The
TEMP sense input (pin 39 of Pl6)
must exceed approximately 3 VDC to
cause Q3 to conduct. This delay
the heat sink temperature to rise to
90°C before the transmitter drive is
reduced. RI8 1is the TEMP sense
adjustment and is normally adjusted
to 0.2 volts at TP3 at 25°C. Ql4 is
a switch that when saturated, will
cause the fault lamp to be illumi-




"

Focoror

e

nated on the front panel of the
transceiver. The fault light will
be turned on for severe conditions
of VSWR, OC, OV or TEMP when the ACC
line is pulled down to less than 3.5
vDC,

TTT

5.8.2.5 Miscellaneous Components

The 0.1 microfarad capacitors, such
as C66 through C69, are RF bypasses
to prevent RF on the band lines from
adversely effecting circuitry on the
board.
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SYMBOL DESCRIPTION PART NUMBER SYMBOL DESCRIPTION PART NUMBER SYMBOL, DESCRIPTION PART NUMBER
1, cs1 Capacitor, 2.2 pf, N750 600269-314-049 C40, C48 Capacitor, 1000 pf, mica 610011-306-501 Rl, RO Resistor, 6.8k, 2W, 5% 668014-341-425
c2 Capacitor, 9-35 pf, Mica 600018-317-013 c43 Capacitor, 220 pf, mica 600287-314-048 R2, RI0 Resistor, 4702, 1/4W, 5% 647004-341-075
€53 Capacitor, 15-60 pf 600018-317-011 c45 Capacitor, 330 pf, mica 600287-314-051 R3, RIS Resistor, 100k, 1/4W, 5% 610034-341-075
a Capacitor, 75 pf, mica 675093-306-501 c49 Capacitor, 2400 pf, mica 624011-306-501 R4 Resistor, 8.2a, 1/4W, 5% 682084-341-075
c4, €10, C12 Capacitor, 22 uf, 25V 600297-314-016 50 Capacitor, 1300 pf, mica 613012-306-501 RS, R6 Resistor, 24g, 1/2W, 5% . 624094-341-205
cs, €55, C57, Capacitor, .1 pf, 50V 600226-314-008 T Capacitor, 1000 uf, 16V 600259-314-108 R7, R23 Resistor, 4.7k, 1/4W, 5% 647014-341-075 )
c58, C61-69, c82 Capacitor, 20 pf 620093-306-501 8 Resistor, 10k, adj. 600063-360-010
C73, C15-19 RI6, R21, Resistor, 1k, 1/4W, 5% 610014-341-075
c6 Capacitor, 100 uf, 25V 600297-314-032 cR22 Diode, 1N270 600052-410-001 R22, R49
g e, | S Gl o | s e i i s e | Smmonen
C1tor P ca 12, (r21 sistor, B —-341-
9, Cl0, C52 Capacitor, .01 uf 600268-314-008 x5 Diode, IN754A, 6.8V 600002-411-017 R13 Resistor, 100k, adj. 600063-360—014
€54, C56, C59, 2, R3 Diode, 1N3188 600144-410-001 Rl4, R25, R46 Resistor, 47k, 1/4W, 5% 647024-341-075
c60, C74 CR13-20 Diode, 1N4004 600011-416-002 R17 Resistor, 472, 1/4W, 5% 647094-341-075
cl1, €32, ca2 Capacitor, 68 pf, mica 600287-314-056 cr23 Diode, INT46, 3.3V 600002-411-001 R18 Resistor, 500g, adj. 600063—;22—282
c12 Capacitor, 22 pf, mica 600308-314-011 R19 Resistor, 10g, 1/2W, 5% 610094~341~
c13 Capacitor: 1 pf,'mica 600227-314-003 K1-16 Relay, 12 VIC 600028-402-006 R20 Resistor, 220&, 1/4é, 5% 622004-341-075
gig Capacitor, égo gf, mica 238587—31::346 aig, R24, R47, Resistor, 10k, 1/4W, 5% 610024-341-075
Capacitor, 58 pf, mica 87-314-040 Ll Inductor, .218 yH 670119-513-001 R
cl6 Capacitor, 270 pf, mica 600287-314-050 L2 Inductor, .297 uH 670119-513-002 R27, R29 Resistor, 100g, 1/4W, 5% 610004-341-075
a7, ca Capacitor, 80 pf, mica 600287-314-041 L3 Inductor, 1.14 1H 670123-513-008 R28, RS0 Resistor, 3.3k, 1/4W, 5% 633014-341-075
cls Capacitor, 300 pf, mica 600287-314-054 14 Inductor, 1.55 ,H 670123-513-007 R30, R32, R34, Resistor, 2.2k, 1/4W, 5% 622014-341-075
c1g, g;g Capacitor, 820 pg, mica 683002—302:301 L5 " I:guctor, .330 4o 670113:5i3—003 Rig, Rig, R40, y
c2 Capacitor, 470 pf, mica 600287-314-058 L6 Inductor, .452 yH 670119-513-004 Re2, R
c22’ Capacitor, 27 pf, mica 600287-314-036 %3 Inductor, 1.70 8 670123-513-006 31, R33, K35, Resistor, 820g, 1/4W, 5% 682004-341-075
c23 Capacitor, 47 pf, mica 600287-314-038 L8 Inductor, 2.31  H 670123-513-005 R37, R39, R4l,
c24 Capacitor, 240 pf, mica 600287-314-049 L10 Inductor, .725 ,H 670119-513-006 R43, R4S
c25 Capacitor, 130 pf, mica 600287-314-044 L1l Inductor, 2.25 H 670123-513-004
c26, C34 Capacitor, 390 pf, mica 600287-314-052 L2 Inductor, 3.06 H 670123-513-003 T Transformer 600138-512-001
c27 Capacitor, 140 pf, mica 600287-314-045 L13 Inductor, .766 uH 670119-513-007
c29 Capacitor, 1200 pf, mica 612011-306-501 L14 Inductor, 1.043 yH 670119-513-008 x
c30, C38 Capacitor, 620 pf, mica 662001-306-501 L1S Inductor, 3.32 4B 670123-513-002
c3l, €33 Capacitor, 150 pf, mica 600287-314-055 L16 Inductor, 4.52 yH 670123-513-001 )
€35, €37, C4l, Capacitor, 180 pf, mica 600287-314-047 L17 Inductor, 33 ,H 600125-376-007 .
cat L18 Inductor, 180 uH 600125-376-022
c36, C44 Capacitor, 560 pf, mica 656002-306-501
c39 Capacitor, 1600 pf, mica 616012-306-501 Ql Transistor, MJf§g2 600211—:1;:831 !
Q2 Transistor, 24338 600274-
Q3, o4, Ql4 Transistor, 2N2222A 600080-413-001 od
. . 12, Q13 istor 0 13-0 :
Figure 5.15 Half Octave Filter Assembly 0-12, @ Transistor, ZN2907A 600154-413-001
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Figure 5.16 Half Octave Filter Schematic
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Half Octave Filter Board

1A1A2

Pin Connections and Voltage Readings

GND

GND

5-40

1A1A2-J15
O] 20
O3 40
O5 6 O
O7 8 O
O9 100
O11 120
O13 140
O15 160
O17 180
019 200
021 220
023 240
025 260
027 280
029 300
031 320
033 340
03 360
O37 380
039 400
041 420
043 440

BOTTOM VIEW

GND

Bl Llogic

IIOH or

B5 Logic

IIOII or

B2 Llogic

IIOII or

B6 Logic

[EEF U MR Y

IIOH or

Rel

Filter In

125W RF(T)

GND
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Half Octave Filter Board

& a3

1A1A2

;.

-

Pin Connections and Voltage Readings

ﬁ 1A1A2-016
g' B o ~ GND O] 20 B3 Logic "0" or 1
g o O3 40 B7_Logic "0" or 1

— Os 60O B4 Logic "0" or 1
H +12.7 - +13.9 VDC 07 80 B8 Logic "0" or 1
. Os 100 PED 0.5 - 4,0 VDC
O11 120
‘:‘\ O13 140
; O15 160 EXT. ACC (0 - +9 VDC max.)*
i 017 180

GND Ots 200 ACC 0 - +6 VDC (AM mode)
i] GND o2 220 0.C. 0 - +1 VDC
023 240 0.V. 0 - +1 VDC
g] 025 260 FAULT Logic "0" or 1
\\ 027 280
r Y028 300 +8.9 - 9.1 VDC
d 031 320
‘ 033 340
EE O3 360
O37 380 _Filter QUT 125W RF(T)
g 0 - +6 VDC TEMP. 038 400 |
0 - +9 VDC ALC(T) O41 420 GND -
GND 043 440 GND

BOTTOM VIEW

|

*This voltage not present unless external high power amplifier is used.
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5.9 TRANSMIT MODULATOR
BOARD, 1A1A3

5.9.1 GEHNERAL

The transmit modulator board, FEig-
ures 5.17/18 contains the following:
speech compressor, balanced modula-
tor, AME carrier insertion circuit,
ALC amplifier and control, CW tone
gate and 5 MHz double sideband amp-
lifier. Audio inputs from the front
panel (carbon or dynamic microphone)
and the 600 ohm audio input from the
rear panel are translated into a 5
MHz double sideband signal and then
applied to the IF filter board,
1A1A6., Transmit ALC and ACC volt-
ages are applied to this board for
the establishment of the transmitter
gain. ALC controls the output in
CW, FSK and 5SB, whereas, ACC con-
trols the carrier level in AME mode.
All transmit audio passes through an
audio compressor, which maintains a
high average level of output. This
ultimately results in a higher aver-
age level of RF output power from
the transceiver. In addition, no
microphone level adjust control is
normally required. An adjustment is
provided to reduce the 600 ohm audio
input level, 1if necessary, when
audio levels from  accessory or

optional equipment exceeds the
recommended 0 dBm audio input
levels, An audio gain adjustment,

R96, 1is provided for applications
when the audio compressor is dis-
abled or additional microphone amp-
lifier yain is required.

5.9.2 DETAILED DESCRIPTIONS

5.9.2.1 Speech Compressor

The speech compressor consists of
UlA, UlB, Q2, Q6 and associated com-—
ponents. The compressor accepts a
wide range of audio inputs and pro—
vides a constant input level to the
balanced modulator. The low level

5-42

microonone is fed from pin 36
throuyn JP1-1 & 2, and R102 to pin 6
of UlA. For carbon microphone oper—
ation, JPl is strapped 2 to 3, and
audio is fed from pin 36 through L1,
C37, R59, and C40 to the input of
UlB. In a similar manner, the
dynamic microphone input is fed from
pin 38 through L2, R55, UlAa, C3e,
R60 and C40 to the compressor input.
The dynamic input 1is amplified 1in
UlA to provide the same level to the
compressor input as the carbon mic-
rophone. The 600 ohm audio from
the rear panel 1is fed from pins 40
and 42 throuyh T1, Rl, C50, R58 and
C40 to the compressor input. All
three audio inputs are  passed
through the compressor.

One of the audio gates in U3 is used
to inhibit the 600 ohin input to the
compressor when pin 31, ISB INH line
is pulled low. This gate allows the
front panel microphone to inhibit
the 600 ohm audio when it is desired
to overide the 600 ohm data input
with the microphone. The ISB INH
line 1is controlled by the front
panel PIT line.

JPl is provided to allow connecting
of the carbon microphone input to
R102 for using dynamic microphones
that have much less output than the
standard microphone. The input to
Ri02 1is amplified approximately 20
dB more than the input to R55. R96
is factory adjusted for normal modu-
lation with average speech. If more
modulation 1is desired, R96 can be
adjusted CW to increase the gain of
UlA.

Compression 1is achieved by monitor-
ing (sampling) the output level of
UlB and generating a DC control
voltage to control the level of in-.
put signal applied to pin 3 of UlB.
The sample of the output of UlB is
fed through R73 and C43 to voltage
doubler CR5 and CR6. The resulting
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DC is applied between the base and
emitter of Q6. This voltage causes
06 to conduct, generating a collec-
tor current that £flows through R7
and causes Q2 to conduct. When
voltage 1is applied to the gate of
U2, it acts like a variable resis-
tor, decreasing the voltage that
appears on pin 3 of UlB. In other
words, the gain of UlB is constant
and compression is achieved by at-—
tenuating its input. R58, R59 and
R60 are all series with the IC in
put. As the resistance of Q2 de-
creases, the voltage division ratio
increases, causing less voltage on
pin 3. CR4, when Ql is turned on,
cuts off UIB to prevent modulation
of the signal when the radio is
operating in CW or in the antenna
coupler tune mode.

5.9.2.2 Balanced Modulator -

U2 is the balanced modulator and
generates an upper and a lower side-
band with the carrier suppressed.
The audio signal is applied to pin 1
through €23 and R39. R39 is an
adjustment provided to allow the
optimum level of audio to be applied
to the modulator. Third LO (5 MHz)
is applied to pin 8. The modulator
(MC1596) is a monolithic balanced
modulator circuit. It consists of
an upper quad differential amplifier
with dual current sources. The out—
put collectors are cross coupled so
that full wave cross multinlication
of the two input voltages occurs.
The output signal 1is a constant
times the product of the two input
signals. R31 is used to balance the
carrier to a null at the output, pin
6.

5.9.2.3 5 MHz Double Sideband
Amplifier

The output from the balanced modula-
tor is fed through C27 to an ampli-
fier. 07, 08 and associated compon-
ents comprise the amplifier. The
amplified output of Q7 is fed to the
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input of 98 wvia C32. C51 and 010
are used to attenuate the base input
to 08 when operating in the AME
mode. When in AME, 010 is saturated
and capacitive divider C32 through
C51 reduces the voltage applied to
the base of 08. This action is re-
quired to prevent over modulation in
AME. R51 is a gain adjustment to
set the open loop gain of the trans-—
mitter path.

5.9.2.4 Carrier Insertion Circuit

When operating AME, a certain level
of carrier must be generated and in-
jected into the transmit path after
the sideband filters. 05, 014 and
Ql5 are used to control the amount
of carrier injected. When in the
AME mode, (TX AM), a logic 0 is
placed on pin 33 and 03 conducts.
Q3 collector voltage saturates Q10
(reducing the double sideband out-
put) and also causes Ql4 to conduct.
The voltage supplied by R17 and R18
to the gate of Ql4 is adequate to
turn on Ql4. When 0Ql4 is ON, car-
rier is fed through Cl15, Ql4, Cl17
and to the base of Q5. It should be
noted that CR19 causes Q15 to be cut
off 1in the AME mode. Q15 is satur-
ated by R85, R86 and CR20 in modes
other than AM. When Q15 is satur-
ated, it shorts out to ground any 5
MHz leakage that might pass through
Ql4. The carrier applied to the
base of 05 is amplified and fed to
pin 39 on the connector. R17 1is
used to adjust the level of carrier
applied to the system. Pin 39 is
fed to the IF/filter board and ap-
plied to the base of the TGC con-
trolled amplifier.

Provision is made for A3A mode of
operation. When a logic 0 1is ap-
plied to pin 5, Q15 is cut off and
Q5 is allowed to amplify. An "ACC
Override" voltage on pin 9 can turn
on 0Ql4 and allow some carrier to be
injected. (The ACC override voltage
originates on the high pass filter
module. )
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5.9.2.5 AIC Amplifier

Q13 and associated components com—
prise the ALC amplifier. The ALC DC
sanple is detected on the half oc-
tave filter board and enters on pin
29. C52, L5 and Cl6 are used for
filtering any RF that might be on
the line. R83 1is used to set the
peak power level. The output of R83
is fed to the gate of Q13. Q13 is
cut off in the absence of gate volt-
age by resistive divider R72 and
R90. When the gate voltage of Q13
is more positive than the source
voltage, it conducts, reducing the
drain voltage. The drain voltage of
Q13 is the ACC line. This line goes
to the half octave filter and con-
nects to the drain of the ACC ampli-
fier. The ACC voltage is fed
through the complimentary  output
pair D11 and Q12 to pin 19 and 20.
This 1line 1is the TGC (transmitter
gain control) and connects to the IF
board. The gain of the transmitter
is controlled by one single stage on
the IF board. Provision is made for
an external ALC voltage when the
transmitter is used to drive another
unit, such as a l kW amplifier.
When this occurs, some means must be
provided to reduce the 125 watt PA
output to a level suitable to drive
the kW. The external AIC is derived
from the output of the kW and is
brought in on pin 27. It is fil-
tered by C57, L6, C30 and fed
through CR18 and R84 to the gate of
Q13, where it can be used to over-
ride the transceiver ALC.

5.9.2.6 ACC/TGC Voltages and Opera-
ting Modes

The ACC line controls the TGC volt-
age. The gain of the transmitter is
proportional to the ACC voltage.
That is, with 0 ACC volts, the
transmitter has no gain and with
+5.5 VDC, it has maximum gain. Q13
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reduces the ALC voltage in USB while
the ACC amplifier on the half octave
filter board reduces the ACC voltage
in AME. Note that Q13 gate voltage
is shorted out by CR17 in the AME
mode. The source voltage for the
ACC line (and the TGC line) is pro-
vided by resistive dividers for dif-
ferent modes. When 1in USB or LSB,
the ACC voltage is provided by RS,
R26 and R74. The voltage is fed to
the line by CR9. (Note that in AME,
CR12 shorts out this voltage.) When
in the AME mode, the ACC source
voltage is provided by R76, R81 and
CR1l. C54 is used to slow the rise
of the ACC line to prevent large
over shoots when the transmitter is
keyed in AM. When operating in Cw,
the ACC source voltage is provided
by R75, R80 and CR10. C53 is used
to slow the rise of the ACC line
when line when the transmitter is
keyed in CW, C53 shapes the leading
edge of the CW RF pulse. Note that
during the coupler tune mode, CR23
shorts out the ACC voltage supplied
through CR10. The three separate
source voltages for the ACC lines
provide different open loop gains of
the exciter for three different
modes of operation.

5.9.2.7 CW Operation

To operate CW, a 1 kHz tone is gated
into the balanced modulator. This
is accomplished as follows: a logic
0 is applied to pin 37. This causes
Ql to conduct. Q1 collector voltage
disables Ul1B through CR4 and also
provides emitter voltage for Q9
through CR15. With emitter voltage
on 09, a logic 0 on the PIT line
(pin 30) will cause @9 to conduct.
Q9 collector voltage, through R8
turns on the two audio gates. (When
pins 13 and 5 rise above 4.5 volts,
the gates open.) The 1 kHz tone at
pin 25 is gated through pins 1, 2,
3 and 4 of U3 and through C9 to the
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input of the balanced modulator.
CR21 shuts off the 1 kHz tone when
the antenna coupler is tuning. The
side tone output is taken from
pins 2 and 3 of U3 and through R70
to pin 28. R78 is used to adjust
the open loop drive level in CW.

5.9.2.8 Miscellaneous Circuitry

04 is the transmit switch and when a
logic 0 is applied to pins 7 or 8,
Q4 collector voltage turns on the 5
5 MHz double sideband amplifier.
Capacitors, such as Cl0, Cll, Cl2,
Cl4, etc. are RF bypasses to prevent
RF from getting into the board.

5.9.2.9 Microphone Selection

The chart below lists four different
styles of microphones that can be
used with the MSR 8000D. Jumper
JP-1 is used to condition the unit

TTT

for different types of microphones.
Two options are available: Dynamic
or Carbon. Position 1 to 2 of JpPl
(See Figure 5.18) 1is used for dyna-
mic microphones. Units shipped from
the factory are in this configura-
tion. Position 2 to 3 configures
the input for carbon microphones.
JPl, in conjunction with audio gain
control R96, allows the radio to be
configured for a wide variety of
audio input level,

For certain types of digital encod-
ing equipment, audio compressors can
create distortion. Jumper plug JP-2
on the transmit modulator board
(Figure 5.18) can be used to disable
the compressor. If Jp-2 is con-
nected 1 to 2, the compressor will
be disabled and the input audio
level will have to be adjusted using
R96 to produce 0.23-0.27 VPP at
1A1A3-TP1.

AUDIO INPUT OPTIONS

AUDIO PART CARBON OR XMIT MOD APPROX. AUDIO

INPUT NUMBER DYNAMIC JPl INPUT LEVEL (V)
Hand Microphone | 600352-713-001 DYN 1l to?2 .004 to .010V
Desk Microphone | 600367-713-001 DYN 1l to 2 .004 to .010V
H-250/U Handset | 600002~386-001 DYN 1l to2 .0004 to .00lv
H-33 Handset 600014-386-001 CAR 2 to 3 .5 to 7.75V
STD, 600 ohm N/A N/A .245 to 7.75V
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TRANSMIT MODULATOR
(601078-536-002)

SYMBOL DESCRIPTION PART NUMBER
Cl, C2, ¢5, C27 Capacitor, .01 uf, 50V 600268-314-008
€30, C55, C57,
58, C65, C67
Cc6~C8, Cl0-16, Capacitor, .1 uf, 50V 600226-314-008
C18-20, C26, C28,
29, €33, C48,
C49, C52, C56,
c59, C60, C61, C63
9, €35, C39, C40, Capacitor, 4.7 uf, S50V 600297-314-010
Cs0, €54, C17
1-24, C34 Capacitor, 22 uf, 25V 600297-314-016
25 Capacitor, 1.5 uf, 35V 600202-314-009
31 Capacitor, 9-35 pf, Var. 600018-317-013
Cc32 Capacitor, 330 pf 633003-306-501
Cc36, C37 Capacitor, 1 uf, SOV 600226-314-014
C38, C41, C43, C53 Capacitor, 1 uf, S0V, Alum. 600297-314-003
C42, C44-47, C51 Capacitor, 47 uf, S0V, Alum, 600297-314-026
C4, C66 Capacitor, .0018 uf 600268-314-002
C62 Capacitor, 10 uf, SOV 600297-314-013

Figure 5.17 Transmit Modulator Assembly
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SYMBOL DESCRIPTION PART NUMBER

CRl. CR2, CR4-13, Diode, 1N4148 600109-410-001
CR15, CR17, CR19

R19, CR26 Diode, 1N270 600052-410-001
H2-5, H12, H13, Vertical Mount, 2 Pos. 600064-419-004
H15, H16

H6, H7, H8, Hl14 Vertical Mount, 3 Pos. 600064-419-003
Hl, H9, H1l Vertical Mount, 4 Pos. 600198-608-005
JPl, JpP2 3 Pin Header 600198-608-005
L1-3, L5-7 hoke, 180 H 600125-376-022
14 Choke, 15 H 600125-376-013

Ql, @3, &4, Q9,
Ql2

Q2, 013, Ql4, Ql6
Q5-8, Q10, Q11,
Qls, Q17

(Q1-17)

RL
R2, R33, R36,
R37, R47, R68,
R69, RL02

R3, Rl01, Rll,
Rl6, R43, R44,
R53, R65

R4, R12, RIS,
R22, R4l

R24, R21, R72,
R73, R35, R40,
R6, R25, RS54,
RS6, R63, R64,
RS0, R81

R7, R19, R62,
R79, R95, R98,
R103, R104

R8

RS, R13, Rl4,
R66, R84, R99,
RL0

R17, R39

R20, R28, R4S,
R46, R49, RS2,
RSS, R57, R60,
R70, R74-77, R85,
RL07, R87-89,
RS1, R106
R23, R58, R59
R26, R30, R32,
R42

R34

R38

R48

RS51

R67

R71

R78

R31, R83, R97
R90

R92

R96

RS

R21

RTl
Tl
ul

u2
u3

Transistor, 2N2907A

Transistor, 2N4338
Transistor, 2N2222A

Transistor Pad, T018

Resistor, 5009, Var.
Resistor, 100qQ, 1/4W, 5%

Resistor, 330q, 1/4W, 5%

Resistor, 2.7k, 1/4W, 5%
Resistor, 1k, 1/4W, 5%

Resistor, 22k, 1/4W, 5%

Resistor, 100k, 1/4W, 5%

Resistor, 27K, 1/4W, 5%
Resistor, 47k, 1/4W, 5%

Resistor, 10k, var.
Resistor, 10k, 1/4W, 5%

Resistor, 3.3k, 1/4W, 5%
Resistor, 4.7k, 1/4W, 5%

Resistor, 8200, 1/4W, 5%
Resistor, 1.2k, 1/4W, 5%
Resistor, 390q, 1/4W, 5%
Resistor, 200q, variable
Resistor, 470q, 1/4W, 5%
Resistor, 6.8k, 1/4W, 5%
Resistor, lk, Var.
Resistor, 100k, Var.
Resistor, 220Q, 1/4W, 5%
Resistor, 5k, Var.
Resistor, 100, Var.
Resistor, 1.8k, 1/4W, 5%
Resistor, 47q, 1/4W, 5%

Thermistor, 10k
Transformer
IC, CAl4S8

IC, MC1596G
IC, 4066BDC

600154-413-001

600274-413-001
600080-413-001

600025-419-001

600063-360-006
610004-341-075

633004-341-075

627014-341-075
610014-341-075

622024-341-075

610034-341-075

627024-341-075
647024-341-075

600063~360-010
610024-341-075

633014-341-075
647014-341-075

682004-341-075
612014-341-075
639004-341-075
600066-360-005
647004~-341-075
668014-341-075
600063-360-007
600063-360-014
622004-341-075
600063-360-009
600066-360-014
618014-341-075
647094-341-075

600026-367-001
635234-501-001
600039-415-001

600011-415-001
600186-415-001

M
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Figure 5.18 Transmit Modulator Schematic
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Mackay

1A1A3

Pin Connections and Voltage Readings

GND

Logic "0" or 1 A3A

Logic "0" or 1 ?;

0 - +4 YyDC ACC Override

Logic "0" or 1 RX

+8.9 - 9.1 VDC

+2.9 - +3.9 YDC(T) TGC

0 - +6 VDC(T) ACC In

GND

.46 VRMS 1 kMz Out

0 - +9 VvDC(T) Ext. ALC In
0 - 49 vDC(T) ALC In .

Logic "0" or "1" ISB INH

Logic "0" or 1 TX (AM)

Logic "0" or 1 TUNE

Logic "0" or 1 YEI

arrie
25 - -18 dBm (5 MHz) SRsert.

GND

1A1A3-J6
O]t 20
O3 40O
Os 6O
o7 8O
Os 100
O11 120
013 140
O15 160
017 180
019 200
021 220
028 240
025 260
027 280
029 300
031 320
033 340
035 360
037 380
039 400
O41 420
043 440

BOTTOM VIEW

eN o
DBS OQutput O dBm (5 MHz)

fi- Logic "0" or 1

GND

L0 3 - 15 dBm (5 MHz)
5; Logic "0" or 1

+8.9 - 9.1 VDC

TGC 0 - 5 vDC

GND

Sidetone
PTT Logic "0" or 1
MUTE Logic "0" or 1

Carbon mic. Input .15-2.0 VRMS
Dynamic mic. Input .007-.1 VRMS

6002 Audio In :}
6008 Audio In
GND

-10 dBm
+20 dBm
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5.10 HIGH PASS FILTER BOARD,
1A1A4

5.10.1 GENERAL

This board, Figures 5.19/20, per—
forms part of the receive mode
preselection and receive RF amplifi-
cation. In the transmit mode, the
output of the mixer board, 1AlA5, is
filtered by this board. Contained
on this assembly are eight (8) el-
liptical high pass filters with cut
off frequencies of 1.6, 2, 3, 4, 6,
9, 13 and 20 MHz. The desired fil-
ter is selected automatically by
ground signals from the logic board,
1Al1A9. This board also contains a
broadcast filter which provides at-
tenuation of greater than 70 dB to
broadcast signals (signals below 1.6
MHz), and a very low noise receive
RF amplifier. A transmit/receive
relay 1is used to bypass the broad-
cast filter and RF amplifier in the
transmit mode. Additional circuitry
located on this board provides ana-
log voltages which are supplied to
the transmit modulator board, 1AlA3,
to more accurately establish the A3A
carrier level on transmit.

5.10.2 DETAILED DESCRIPTIONS
5.10.2.1 High Pass Filters

Band 1 (Bl) is switched by CRl and
CR2. When a logic 0 (ground) is
placed on pin 41, Q6 is saturated,
and 9 volts appears on the collec~
tor of Q6. This voltage causes cur—
rent to flow through L19, L20, CRl,
L18, R50, CR2, L15 and R20. CRl and
CR2 conduct, and all the other band
switching diodes (CR3, CR4, CR5, and
CR6, etc.) are back biased. If band
1 is selected in receive, the signal
flow is as follows: RF input on pin
42, through K1, Cl106, CR1, C44, C45,
C46, CR2, Kl - pin 8, 2, and through
C27 to the broadcast filter. The RF

5-50

amplifier provides about 4 dB of
gain (1.6 - 30 MHz). The output is
taken from T1 at pin 11 of Pl4.
Operation of any other band is simi-
lar. During the transmit mode, K1
is energized and the signal flow is
as follows: RF input to pin 5 of
P14, through K1 (pins 3 and 8),
through the band selected, through
Kl (pins 2 and 7) and out on pin 25.

5.10.2.2 RF Amplifier

The RF amplifier is used in receive
only, and consists of 04 and Q5. Q5
is a high level FET used in the
grounded gate configuration for best
intermodulation performance. 04 is
used to provide a constant current
source for Q5.

5.10.2.3 Transmit Switch

Q2 is a switch used to energize Kl
when in the transmit mode. When a
ground (logic 0) 1is placed on pin 7
and 8, Q2 collector voltage pulls
in K1. 02 collector voltage is also
connected to the solid state PA to
switch on the PA biases during
transmit.

5.10.2.4 A3A Control Voltage

When the A3A transmit mode is de-
sired, a band switched analog volt-—
age is required. The A3A control
voltage consists of R8, R10, Q3 and
R46 thru R49. When A3A is desired,
a ground is placed on pin 31. This
cuts off Q3, allowing the voltage on
R10 to appear on pin 9. Pin 9 is
connected to the transmit modulator
board and allows some carrier (-16
to -18 dB) to be inserted in the A3A
mode. If band 1 or 2 is selected,
CR33 or CR34 conducts, causing 9
volts to be applied across R49. R49
is adjusted to provide proper amount
of carrier for 1.6 - 30 MHz. 1In a
similar manner, R48 is adjusted for
3 - 13 MHz.
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Band 7 (13 - 20 MHz) carrier in-
jection is controlled by R47. R46
controls band 8 (20-30 MHz).

5.10.2.5 Overall Gain or Loss

In the receive mode, the overall
gain is +1 dB to +4 dB, depending on
the band selected. The loss during
transmit is -1 dB to -3 dB.

TTT

5.10.2.6 Broadcast Filter

The broadcast filter is used only
in receive and provides approximate-
ly 35 dB additional attenuation to
the broadcast band. The overall re-
jection of the broadcast band is
approximately 70 dB. (6 dB cut off
frequency approximately 1.4 kHz.)
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Figure 5.19
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HIGH PASS FILTER

(601086-536)

SYMBOL DESCRIPTION PART NUMBER
C1-10, Q12, Capacitor, .1 uf, 50V 600226-314~-008
a3, c22, C38,
c17, C78
Cll, Cl06 Capacitor, 1 uf, elec. 600297-314-003
Cc19 Capacitor, 5600 pf 656013-306-501
C20, C65 Capacitor, 820 pf 682003-306-501
2l Capacitor, 1200 pf 612013-306-501

Cc24, C25, C44,
C26, C46, C50

C39, C40, C47,
C48, C54, C55,
C59, C62, C66,
c69, C73, C76,
c82, ¢85, C89,
92, 96, C99
C4l

C42

C45

51

C52, Cs8, C68,
C94

C53, C63

Cc57

C60

Col

C67

c70

cl

c72

C74, C91

c75, C719

Cc80

a8l

Cc83, C88

C84, C86

87

C90

c93

C95

c97

c98

C49

C107

Capacitor, 2000 pf

Capacitor, 3000 pf
Capacitor, 4700 pf
Capacitor, .01 uf

Capacitor, 4000 pf
Capacitor, .012 uf
Capacitor, 1300 pf
Capacitor, 2200 pf
Capacitor, 1000 pf

Capacitor, 1600 pf
Capacitor, 6200 pf
Capacitor, 707 pf
Capacitor, 1400 pf
Capacitor, 500 pf
Capacitor, 1100 pf
Capacitor, 3300 pf
Capacitor, 560 pf
Capacitor, 360 pf
Capacitor, 750 pf
Capacitor, 2100 pf
Capacitor, 430 pf
Capacitor, 270 pf
Capacitor, 510 pf
Capacitor, 1500 pf
Capacitor, 160 pf
Capacitor, 330 pf
Capacitor, 180 pf
Capacitor, 110 pf
Capacitor, 220 pf
Capacitor, .0l uf
Capacitor, .0047 uf

620013-306-501

630013-306-501
647014-306-501
600268-314-008

640011-306-501
600204-314-022
613014-306-501
622014-306-501
610013-306-501

616014-306-501
662014-306-501
670703-306-501
614013-306~-501
650001-306-501
611013-306-501
633014-306-501
656003-306-501
636003-306-501
675003~306-501
621011-306-501
643003-306-501
627003-306-501
651004-306-501
615013-306-501
616003-306-501
633003-306-501
618004-306-501
611004-306—-501
622003-306-501
600204-314-001
600268-314-007

High Pass Filter Assembly
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SYMBOL DESCRIPTIN PART NUMBER SYMBOL DESCRIPTION PART NUMBER
CR1-16 Diode, HP3188 600144-410~001 141 Choke, .56 H 600125-376-005
CR17 Diode, 1N4004 600011-416-002 145 Choke, .33 H 600125-376-001
CR18, CR33-38, Diode, 1N4148 600109-410-001 146 Choke, .47 |H 600125-376-027
CR40-44, CR47-56
CR19 Diode, 1N4733, 5.1V 600006-411~006 02, 06-13 Transistor, 2N2907A 600154-413-001
CR45 Zener, IN7S2A, 5.6V 600002~411-007 Q3, o4 Transistor, 2N2222A 600080-413-001
CR46 Zener, IN746a, 3.3V 600002-411-001 @ Transistor, CP643 600340-413-001
Kl Relay, 12V 600028-402-006 R2 Resistor, 2.2k, 1/4W, 5% 622024-341-075
R3, R10 Resistor, 2.2k, 1/4W, 5% 622014-341-075
L6 Choke, 1000 yH 600034-376-001. R4 Resistor, 3308, 1/4W, 5% 633004-341-075
L7, L16 Choke, 5.6 yH 600125-376-043 RS, Rl Resistor, 470Q, 1/4W, 5% 647004-341-075
18 Choke, 15 yH 600125-376~013 R6 Resistor, 33g,, 1/4W, 5% 633094-341-075
L9 Choke, 12 H 600125-376-020 R Resistor, 4.7k, 1/4W, 5% 647014-341-075
117, 121 Choke, 4.7 yH 600125-376~030 RI8, R22, R25, Resistor, 6208, 1/4W, 5% 662004-341-075
L15, L18-20 Choke, 180 yH 600125-376-022 R28, R31, R34,
122 Choke, 3.9 yH 600125-376-018 R37, R40,
L23, 124, L27, Choke, 33 WH 600125-376-007 R19, R23, R26, Resistor, 2.2k, 1/4W, 5% 622014-341-075
L28, L31, L32, R29, R32, R3S,
L35, 136, L39, R38, R4l
140, 143, L44, R20, RS0 Resistor, 100g, 1W, 5% 610004-341-325
147, 148 R21, R24, R27, Resistor, 10k, 1/4W, 5% 610024-341-325
L25 . Choke, 3.3 M 600125-376-006 R30, R33, R36,
126, L29 Choke, 2.2 pH 600125-376-016 R39, R42
L30 Choke, 1.8 H 600125-376-017 R46-49 Resistor, 10k, variable 600063-360-010
133 Choke, 1.2 yH 600125-376-041
L34 Choke, 1.5 pH 600125-376-033 bl Transformer, 3:1 600148-512-001
137, 142 Choke, .82 \H 600125-376-039
138 Choke, 1.0 M 600125-376-040
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Figure 5.20 High Pass Filter Schematic
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High Pass Filter Board \

1A1A4 g

Pin Connections and Voltage Readings |

1A1A4-014 ]

O3 40
+13 dBm RF(T)  ~5 60y .
Rec. RF Qutput 011 120

—

013 140
O15 160
O17 180
+13.2 VOC  (yqg 200  —+13.2 VD .
021 220 ‘

GND oz 240 GND
+13 dBm RF to PA(T) 025 260 ;f

027 280 +12.8V |

020 300 }
ABA 531 320
B8 033 340
B (35 360
B4 037 380

B2 039 400 y
Bl O 41 420 Rec, RF Input

Cof 2| [
o K I

e

BOTTOM VIEW
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5.11 HIGH LEVEL MIXER BOARD,
1A1A5

5.,11.1 GENERAL

The High Level Mixer Board is inter-
changeable with the Mixer Board,
601075~-536, used in the MSR 5050,
MSR 8000 and MSR 6700. In receive
mode it converts a O to 30 MiHz RF
input to a 1lst IF of 59.53 Mz and
subsequently a 2nd IF of 5 MHz. 1In
transmit mode it converts a 5 Mz
input to 59.53 MHz and then to RF
outputs of 1.6 to 30 MHz. All cir—-
cuit interfaces are at 50 ohm imped-
ance levels,

Figure 5.21 1is a functional block
diagran of the board. In receive
mode, inputs on the RX input are
selected by the RF switch and
filtered by the 30 MHz ILP filter.
The 1st mixer, with an amplified LO
input of +21 dBm, 50.53 MHz to 89.53
MHz, converts the RF signals to a
59.53 MHz IF. The mixer is provided
a broadband IF termination by a
lossless constant resistance network
and a non-reflective crystal filter
network., A bilateral amplifier pro-
vides 18 dB gain which is control-
lable by a delayed AGC input of 0 to
9 volts. A second crystal filter at
59.53 MHz controls spurious
responses due to the second mixer,
and complements the selectivity of
the first filter and the system
information filter for a total 120
dB ultimate selectivity. ‘The second
mixer, with an amplified IO of +10
dBm, converts the 59.53 MHz signals
to a 5 MHz IF. The second LO ampli-
fier may be gated off by 9 volt
pulses to accomplish noise blanking.

In transmit, the signal path is
reversed with inputs at the 5 MHz IF
converted to a 59.53 MHz IF, ard
amplified by the reversed bilateral
amplifier. The RF switch directs
the 1.6 to 30 MHz outputs from the
lst mixer to the TX amplifier to
produce outputs to +15 dBm.

T

5.11.2 DETAILED DESCRIPTIONS
5.11.2.1 RX Control

With a TTL low at pins 15 and 16, Q8
saturates putting +9V on all RX
functions.

5.11.2.2 RF Switch

CRl is Dbiased to conduction by the
current through Rl with L1 and L2
providing a high impedance to the
signal path for RF signals. The
resulting voltage across Rl biases
CR2 off, isolating transmit circuits
from the signal path. The input
signals are thus conducted through
Cl, CRl and C3 to the low pass fil-
ter.

5.11.2.3 ILow Pass Filter

The Iow Pass Filter is a 7-element
elliptical desiqgn (C4 through C8, L3
and I4) with a cut off frequency of
31 MHz. This filter attenuates out-
of-band gpurious signals in both
receive and transmit.

5.11.2.4 First Mixer

Signals from the TLow Pass Filter are
applied to pin 1 of the first mixer,
MX1, a high 1level double-balanced
diode mixer. These signals (0-30
MHz) are modulated with +21 dBm LO
signals )59.53 to 89.53 MHz) applied
to pin 8 to produce a first IF of
59.53 MHz at pins 3 and 4.

5.11.2.5 Constant Resistance
Network

The Constant Resistance Network pro-
vides a 50 ohm load to signals from
the mixer at frequencies much
greater than the IF frequency. Rl17
provides the 50 ohm load at high
frequencies when C30 is short, and
at low frequencies when Ll4 is
short. €29 and L1 are series reson-
ant at 59.53 MHz to couple the
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Block Diagram
High Level Mixer Board

5-56




3

|

s]

¥
&
k)

signal to the 90° hybrid network

thus maintaining a 50 ohm 1load at
frequencies near the 59.53 MHz IF.

5.11.2.6  90° Hybrid/Filter Network

This circuit maintains a 50 ohm
impedance by phasing equal mis-
matches from the two identical crys-
tal filters FL1 and FL2 so that they
cancel at the circuit input and add
across R18 at an isolated port. T3
with C31 and C32 form a guadrature
hybrid tuned broadly to 59.53 MHz at
a 50 ohm impedance. This circuit
splits inputs from L13 to equal out-
puts at L15 and Ll6 phased 90°
apart. L15 and C33 match the 2.3k
ohm filter impedance of FL1. Ll6
and C34 perform the same function
for FL2. Matching back down to 50
ohms is accomplished by L19, C35 and
L20, and C36. L17 and L18 are used
to tune the residual capacitance
across the filters to increase the
ultimate rejection. A second 90°
hybrid (T4, C37 and C38) adds the
signals from each filter. The total
loss through the whole hybrid/filter
network is typically 3.5 dB.

5.11.2.7 Bilateral Amplifier

The Bilateral Amplifier consists of
receive (Q9) and transmit (Q10)
amplifiers activated by a 9 volt RX
or 9 volt TX control signal. These
amplifiers switched into the signal
path by CR5, CR9 or CR10,. and CR7
allow reverse signal flow in trans-
mit applications since all other
circuits are inherently bilateral.

The amplifiers are feedback con-
trolled to maintain a 50 ohm input/
output impedance with gain con-
trolled by feedback resistor imped-
ances and the relatively low broad
band collector output impedance of
600 ohms.

ITT

In receive, the signal flows through
C38, CR5 (biased on through L23) and
C44 to Q9. Q9 is biased by R21 and
R22 with R21 also serving as a feed-
back resistor. The gain is set to
18 dB by the ratio of the collector
load of 600 ohms and the emitter
resistor R23. L25 and C45 match the
600 ohm output to 50 ohms with the
output routed through pin diode CR9.
The bias through switches CR5 and
CR9 produces an 8 volt drop across
L21, R20 at the input and L30, R30
at the output which reverse biases
transmit path pin diode switches CR7
and CR10. The maximum signal level
for strong signals is limited by a
delayed AGC (DAGC) signal from pins
39 and 40. The DAGC input (0 to 9
volts) biases shunt pin diodes CR4
and CR8 which attenuate the signal
at Q9 input and output for a total
of 40 dB at 0 volts DAGC. Bias cur-
rent is limited by resistors R31 and
R29. CRl1l delays the output attenu-
ation for optimum linearity. The
DAGC circuit is necessary to main-
tain in-band intermodulation rejec-
tion of 30 dB at high input signals.
The DAGC attenuation varies from 1
dB at 8.3 volts to 40 dB at 0 volts.

In transmit, the circuit of Q10 is
connected through CR7, CR10 by the
bias produced through L24, L29 by
the 9 volt TX signal., The circuit
is identical to that of Q9 except
for the values of R26 and R28 which
produce a 16 dB gain.

5.11.2.8 Crystal Filter

A second crystal filter F13 at 59.53
MHz 1is required to reject spurious
responses due to the second conver-
sion -especially the second IF image
at 49.53 MHz. This filter, identi-
cal to FL1 and FL2, is matched to 50
ohms input and output by L31, L33
and C55, C56 with ultimate rejection
improved by L32.
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5.11.2.9 Second Mixer and 5 MHz
Filter

The 59.53 first IF signal 1is con-
verted to a second IF of 5 MHz by a
second double-balanced diode mixer,
MX2. The 5 MHz output signal is
filtered by a 5 Mz low pass filter
C62, Co63, L36 to reject the 59.53
MHz 1IF feedthrough, the 54.53 Miz
second IO and other undesired mixer
outputs.

5.11.2.10 First 1O Amplifier

The first LO amplifier produces a
+21 dBm signal at MX1 (pin 8) from 0
dBm board inputs from 59.53 to 89.53
MHz at pin 3. Q5 and Q6 are common
gate FETS paralleled for a 50 ohm
broadband input with a transconduct-
ance to produce a 6 dB gain into the
50 ohm load produced by T2. The FETS
are self-biased to 10 mA by RIL6.
L8, L9, and C20 form a 40 MHz high
pass filter to reduce low frequency
LO noise.

Q4 1is a grounded emitter amplifier
with a 15 dB gain which produces the
+21 dBm LO signal required by MXI1.
03 is a bias reqgulator which main-
tains the voltage drop across Rl4
(due to the current of Q4) constant
by controlling the base current of
Q4 through R15. ©L12 and C28 broadly
tune the output for a relatively
flat response from 59.53 to 89.53
MHz. Biased at 100 mA, the -ampli-
fier can produce a linear output of
250 milliwatts.

5.11.2.11 Second 1O Amplifier

Qll and Ql2 are paralleled JFET's
which produce a +10 dBm output at
MX2, pin 8 from a 0 dBm 54.53 MHz
second IO 1input at board pin 41,
The FETS are self-biased by R32 to
10 milliamperes. L35 and Cl2 match
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the 50 ohm level of MX2 to 1.2k ohms
at the FET drain to produce a 10 4B
gain. With a 9 volt input at hoard
pin 37, Q13 produces an 8 volt bias
across R32 which cuts the LO ampli-
fier off (cutoff voltage of Ql1, Q12
is 6.5 volts maximum) which 1ih turn
cuts the mixer off and thus breaks
the signal path. This is used as a
noise blanker gate in the WMSR 8000
and may be used as a transmit in-
hibit gate in transmit applications.

5.11.2.12 Transmit Amplifier

Ql and Q2 are feedback controlled
amplifiers which increase the level
of signals from the £first mixer,
MX1l, to +17 dBm outputs, 1.6 to 30
MHz at board pin 6. Signals from
the mixer, MX1 are vrouted through
the 1low pass filter (C4-C8, etc.),
C3, CR2, Cl4, and C1l5 to the base of
Q2. Q2 is biased for 2.9 volts at
the base by R9, R10, and Rll. R7
and R8 produce 30 milliamperes bias
current, with R7 setting the gain
and R9 controlling the input/output
impedance of 50 ohms. 0Ql is the
identical circuit with values
changed to produce a capability of
160 milliwatts linear output. 1In
addition, the base bias is altered
to add CR3 which compensates for
bias changes with temperature.

5.11.2.13 DC Control

+13 VDC 1is supplied through L30 to
the first 10 amplifier circuit. For
installations where 13 volts is not
connected to the board, CR6 allows
the 9 volts to operate the 10 cir-
cuit at a slightly reduced level.
Grounds on pins 7, 8, or 15, 16 sat-
urate the 9 volt T™X or 9 volt RX
transistor switches (Q7 or Q8) to
supply 9 volts to the appropriate
circuits.

[————




High Level Mixer Board

T

1A1A5

Pin Connections and Voltage Readings

GND

0 dBm 61.13-89.53 MHz 1st LO

Logic "0" or 1 15[

0 - 6 yDC (A3A) ACC Bypass

GND

Logic "0" or 1 RX

+9 VDC

GND

GND

+13 VDC

(+9yp) N.B. Gate
0 - 9 VbCDelayed AGC

— Q0dBm 54,53 MHZ 2nd 10
GND

1A1A5-J12
[O]1 20
O3 40
Os 60
o7 80O
O»9 100
o111 120
013 140
O15 160
O17 180
019 200
021 220
023 240
025 260
027 280
029 300
031 320
033 30
03 360
037 380
039 400
O41 420
043 44O
BOTTOM VIEW

GND

Logic 1 (Not Used Transceiver)
Fxciter Qut 3 VPP (1.6-30 MHz)T
TX Logic "0" or 1

Av'ﬁ%tzéﬂ?ggouﬁlssdg.999'MHZ

RX Logic "0" or 1
_+9 yDC

GND

+13 VOC (100 mA)

_IE In/Out (-120-70 dBm 5 MHz)(R)

Delayed AGC 0-9 vyDC)

GND
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HIGH LEVEL MIXER BOARD
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Figure 5.22 High Level Mixer Board Assembly
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SYMBOL DESCRIPTION PART NUMBER
C1-3, C9-13, Capacitor, .1 uf, 63V 600302~314-013
Q7, C18, C24-26
Cc42, C53, C57,

Cc70, C72

C4 Capacitor, 82 pf 600369-314-820
c5, C29, C45, C49 Capacitor, 15 pf 600369-314-150
[«(3 Capacitor, 150 pf 600369-314-151
c7 Capacitor, 47 pf 600369-314-470
c8, C28 Capacitor, 68 pf 600369-314-680
C20 Capacitor, 43 pf 600293~314-430
c21-23, €27, C39- Capacitor, .01 uf, 63V 600302-314-007
41, C43, C44,

C46-48, C50, C52,

C54, C58, C60, C61,

C65-68, C73

C30 Capacitor, 180 pf 600369-314-181
c31, €32, €37, C38 Capacitor, 27 pf 600369-314-270
C34, C36, C55, C56 Capacitor, 4.7 pf 600269-314-005
C59 Capacitor, 12 pf 600369-314-120
C62, C63 Capacitor, 820 pf 600293-314~-821
C69, C71 Capacitor, 1 uf, 50V 600297-314-003
Cl4, C15 Capacitor, .1 uf, 50V 600226-314-008
C33, C35 Capacitor, Variable, 3-10 pf 600052-317-001
CRl, CR2, CR5, (R7, Diode, HP3188 600144-410-001
CR9, CRIO

CR3 Diode, 1N4148 600144-410-001
CR4, CR8 Diode, HP3080 600156-410-001
CR6 Diode, 1N4004 600011-416-002
CR11 Diode, 1N4734 600006—411-007
<1, X2, X3 Coax 600100-102-001
FL1-3 Filter, 59.53 MHz 600060-529-004
Ll, L2, LS Choke, 180 (H 600125-376-022
L3 Choke, .27 H 600125-376-037
LA Choke, .18 H 600125-376-031
L6 Choke, 3.3 H 600072-376-019
L7, L34 Choke, 10 yH 600125-376-032
18, L9, L12 Choke, .12 H 600125-376-036
L10, L11, L21-24, Choke, 3.3 \H 600125-376-006
126, 127, L30,

137, L38

SYMBOL DESCRIPTICN PART NUMBER
L3 Choke, .47 H 600125-376-027
Ll4 Choke, Variable, .07 H 600243-376-002
115, L16, L19, (hoke, 1.0 H 600125-376-040
120, L31, L33
117, 118, L32 Choke, .1 uH 600125-376-028
125, L28 Choke, .39 H 600125-376-004
135 Choke, .56 H 600125-376-005
136, L29 Choke, 2.2 H 600125-376-016
Ml Mixer, CHP206 600018-455-001
Mx2 Mixer, SRA3H 600007-455-001
a1 Transformer, ZN4427 600222-413-001
o2 Transformer, 2N2219A 600082-413-001
03, Q7, 8 Transformer, 2N2907A 600154-413-001
o4 Transformer, MRF237 600399-413-001
@, 06, Ql1, Q12 Transformer, J310 600259-413-001
@, Q10 Transformer, 2N5179 600177-413-001
013 Transformer, 2N2222 600080-413-001

(Q3, Q7-10, Q13)
(Q2)

R39

Rl, R15, R29
R2, R3

R4, RS

Transformer Pad
Transformer Pad

Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,

0q, /4w
470Q, 1/4W, 5%
300Q, 1/4W, 5%
7.52, 1/4W, 5%
150Q, 1/4W, 5%
4.7Q, 1/4W, 5%
68Q, 1/4W, 5%
330q, 1/4W, 5%
5.6k, 1/4W, 5%
3.3k, 1/4W, 5%
2.7k, 1/4W, 5%
11k, 1/4w, 5%
20Q, 1/2w
200q, 1/4wW, 5%
51Q, 1/4W, 5%
2.4k, 1/4W, S%
220Q, 1/4W, 5%
1k, 1/4w, 5%
3k, 1/4W, 5%
47k, 1/4W, 5%
1.6k, 1/4W, 5%
6.8a, 1/4W, 5%

Transformer
Transformer

600025-419—001
600017-419—001

600000-341-075
647004-341-075
630004-341-075
675084-341-075
615004-341-075
647084-341-075
668094-341-075
633004-341-075
656014-341-075
633014-341-075
627014-341-075
611024-341-075
620094-341-205
620004-341-075
651094-341-075
624014-341-075
622004-341-075
610014-341-075
630014-341-075
647024-341-075
616014-341-075
668084-341-075

600094-512-001
600164-513-001
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5.12 IF FILTER BOARD, 1A1A6
5.12,1 GENERAL

The IF filter board contains the
three 5 MHz information filters and
amplifiers used in both transmit and
receive modes. These filters are:
FL1 - upper sideband operation, FL2
- lower sideband operation and FL3 -
AM operation. The appropriate fil-
ter is selected by diode switching
via mode information from the logic
board, 1Ala9. During the receive
mode, a 5 MHz IF signal from the
mixer  board, 1A1A5, is passed
through the appropriate IF filter
and further amplified in three
stages. The gain of the IF output
is adjustable. An AGC voltage is
applied from the audio sdquelch
board, 1AlA7, to two of the IF am-
plifier stages to reduce the IF gain
on very strong received signals.

During the transmit mode, a double
sideband signal from the transmit
modulator board, 1A1A3, 1is applied.
The appropriate filter will remove
the unwanted sideband of the trans-
mitted signal. The signal 1is then
amplified and applied to the mixer
board, 1AlAS. Other circuits on
this board include an amplifier com—
biner, U3A, which applies carrier
for AME operation, and DC switches
0l and Q2 which apply voltages to
the appropriate transmit or receive
amplifier stages. Figures 5.24 and
5.25 show the assembly and schematic
of this board.

5.12.2 DETAILED DESCRIPTION
5.12.2.1 Filter Selection

The filters are selected by placing
a ground (logic 0) on certain pins
on the oonnector. FLl1 is used to
receive USB and also to transmit
USB. (The pass band is on the lower
side of 5 MHz, but the signal is

TTT

transferred to the high side in the
mixer.) When USB is selected, a
ground 1is placed on pin 35 of P10.
This action causes current to flow
through R36, CR10, Ll4 and CR4.
Diode CR10 is connected to the com—
mon receive input line (CR3, C20)
and when it conducts, the signal is
applied to the input to FL1., 1In a
similar manner, the ground on pin 35
causes current to flow through R37,
CR13, 119, L1l and CR4. Wwhen CRI13
is conducting, the output of FL1 is
connected to the common output line
(C35, CR15 and CR17).

It should be noted that CR11 and
CR12, used to short out the filter
input and output if the filter is
not selected, are cut off by R35 and
R20. When FL1 is not selected, cur-
rent through R23, CRl1l1 and CR12
shorts out the filter input and out-
put. Note also, when FL1 is selec-
ted, FL2 and FL3 are shorted out.
FL2 is selected on pin 37 (LSB).
FL3 1is selected by a ground on pin
31 (AM). The ground on pin 31
causes Q5 to conduct, selecting the
MM filter. During transmit AM
(AMT), pin 33 selects the USB opera-
tional filter (FLl).

5.12.2,.2 Receive Path

The receive input is on pin 36. The
input of U3C is matched to 50 ohms
by L2 and C3. The signal is ampli-
fied by U3C and U3D, the gain of
this combination is approximately 20
dB. An ISB output is provided on
pin 41 through Rl and C6l. The out-
put of U3D is fed through R10, Clé6
and CR3 to the inputs of the fil-
ters. RlI0 is selected to provide a
50 ohm driving source for the fil-
ters. Rl19 is oonnected to receive
+9 volts through L8 and determines’
the amount of turn on current
through CR3. C4 is used to cancel
some inductive reactance and compen—
sate the driving impedance for the
filters. The amplified input signal
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passes through CR3 and the selected
filter. At the output of the filt~
ters, the signal passes through C35
and CR19 into the input of Ul, the
first receive amplifier. R38 deter-
mines the turn on current for CR19.
C73 is a compensating capacitor to
provide a 50 ohm load for the filter
termination. (C63 and R39 provide
the primary filter terminating im~

pedance.)

The filter output is amplified in Ul
and U2, which are AGC controlled.
The AGC input is applied to pin 12,
As pin 12 voltage is increased above
+4 VDC, the gain is decreased. The
output from U2 is fed to Q3 and 4
for further amplification. The over-
rall receive gain is set by adjust-
ing R31. 50 uV input will provide
100,000 uV output at pin 5. In the
transceiver, R31 is adjusted to have
an AGC threshold of 6 to 8 micro-
volts input to the receiver. The
precise setting of R31 is therefore
a function of the transceiver front
end gain.

5.12.2.3 Transmit Path

The double sideband input to the IF
filter board is applied to pin 4 and
passes through C38 and CR18 to the
comon filter input/output line.
CR18 is turned on by the wvoltage on
the T line which is at +9 VDC dur-
ing the TX mode. The transmit
double side input passes through the
selected filter and through C20,
CR2, C15, C14 and to the base (pin
4) of U3A. U3A is a variable gain
amplifier, the gain controlled by

TTT

the TGC voltage applied to pin 42.
The maximum gain of U3A occurs when
the TGC voltage is 5.5 volts and de-
creases as the voltage is lowered.
During normal transmit operation,
the TGC voltage is between 3.8 and
4,2 volts. The filtered double
sideband signal is amplified in U3A
and U3B and fed to the output on pin
38. This output is used to drive
the mixer.

The overall transmit gain from pin 4
to pin 38 is from 6 to 12 dB, de-
pending on the TGC voltage applied
during normal operation. Rll is
used to isolate the transmit output
when two IF boards are used for ISB
operation. AM carrier is inserted
through Cl2 to pin 4 of U3Aa. It
should be noted that the ratio of AM
and USB is established on pin 4 of
U3A and will remain constant because
the TGC voltage controls both compo-
nents of the signal in AME opera-
tion.

5.12.2.4 Miscellaneous Circuitry

0l is the transmit switch and is
activated when a logic 0 is placed
on pin 7. The collector of Ql rises
to +9 volts and conditions the board
for transmit operation. In a simi-
lar manner, a logic 0 on pin 16
causes +9 volts on the collector of
Q2 and the board is conditioned for
receive operation. Capacitors such
as C62, C72, (55, C54, etc. are RF
bypasses. L24 is used in the TGC

line to prevent feedback from the PA
causing transmitter loop oscilla-
tion.
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MADE IN RAL
FILTER/IF AMPLIFIER
(601076~536)
SYMBOL DESCRIPTION PART NUMBER
ca, 2, c6~-11, Capacitor, .l uf, S0V 600226-314-008
Cl13, C15-36,
C38, C39, C41-
44, C48-50,
C54~C6l1, Cob4,
. C66, C70, C71
c Capacitor, 130 pf 613003-306~501
C4 Capacitor, 150 pf 615003-306-501
cS5 Capacitor, 1000 uf, lev 600259-314-007
Cl2 Capacitor, 470 pf, 5% 647004-306-501
Cl4 Capacitor, .00l uf 600189-314-014
C40, C65, C67 Capacitor, 22 uf, 25V 600297-314-016
c45, Cs1 Capacitor, 9-35 pf, Variable 600018-317-013
C46, C47 Capacitor, 51 pf 651093-306~501
Cc52 Capacitor, 27 pf 627094-306~-501
Ccs3 Capacitor, 47 uf, S0V 600297-314-026
c62, C68, C69, Capacitor, .01 uf, SOV 600268-314~008
c72
c13 Capacitor, 30 pf 630094-306~-501
C74, C15 Capacitor, .00l uf, SOV 600272-314~004 4

Figure 5.24 Filter/IF Amplifier Assembly
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SYMBOL DESCRIPTICN PART NUMBER
CR3-7, CR9, CRll, Diode, 1N4148 600109-410-001
CR12, CR14, CR16-

20, CR22-25

CrR21 Diode, 1N270 600052-410-001
CR2, CR8, CRI10, Diode, HP3188 600144-410-001
CR13, CR1S

FL2 (LSB) Crystal Filter 600083-529-001
FL1 (USB) Crystal Filter 600084-529-001
FL3 Crystal Filter 600082-529-001
H3 Vertical Mounting, 1 Pos. 600064-419-005
Ll, 14-19, L21, Choke, 33 H 600125-376-007
L27, L28

L2 Choke, 5.6 H 600125-376—043
L24 Choke, 180 H 600125-376—022
L25 Choke, 15 H 600125-376—013
L26 Choke, 10 H 600125-376—032
Ql, Q2 Transistor, 2N2907A 600154-413-001
Q3, 04, Q5 Transistor, 2N2222A 600080-413-001

Rl, R24, R30, RS0
R16

R49

R6, R8, R13, R17
R7, R4

R9, R19, R36-38
R10

R12

R14

R4, RIS, R27,
R32, R48

Ri8, R39

R20-23, R25, R35
R26

R2, R3, R46, R47
R28, R33

R29, R34

R31

R51

R40, R42

R45

RS

R43

R4l

u, U2
u3

Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
K sistor,

Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,

100q, 1/4W, 5%
7.5k, 1/4W, 5%
68k, 1/4W, 5%
2.2k, 1/4W, 5%
15k, 1/4%, 5%
4700, 1/4W, 5%
279, 1/4W, 5%
2209, 1/4W, 5%
2709, 1/4W, 5%
47k, 1/4W, 5%

62q, 1/4W, 5%
1k, 1/4w, 5%
22k, 1/4W, 5%
5.6K, 1/4W, 5%
1.2k, 1/44, S%
330q, 1/4W, 5%%
100q, Variable
20k, Variable
62k, 1/4W, 5%
1.8k, 1/4W, 5%
150q, 1/4W, S%
10k, 1/4W, 5%
270Q, 1/24, S%

IC, CA3053F
IC, CA3045

610004-341-075
675014-341-075
668024-341-075
622014-341-075
615024-341-075
647004-341-075
627094-341-075
622004-341-075
627004-341-075
647024-341-075

662094-341-075
610014-341-075
622024-341-075
656014-341-075
612014-341-075
633004-341-075
600061-360-004
600072-360-011
662024-341-075
618014-341-075
615004-341-075
610024-341-075
656094-341-075

600270-415~001
600038-415~001
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U3 1SA CA3045; DIODES ARE IN4148. :




IF Filter Board

TTT

1A1A6

Pin Connections and Voltage Readings

GND

100 mVPP__IF OQut(R)

Logic "0" or 14,73?

+9 VDC

GND

Logic "0" or 1 FSK

Logic "0" or 1 _A__M_

Logic "0" or 1 AMT

Logic "Q" or 1 USB
ee——

Logic_"0" or 1 LSB

(AMT) -18 - 25 dBm 5 MHz

ISB Out (Not Used)

GND

1A1A6-J10
[O]1 20
O3 40O
Os5 860
o7 8 O
O9 100
O11 120
O13 140
O15 160
O17 180
019 200
021 220
02 240
025 260
027 280
029 300
031 320
033 340
035 360
037 380
039 400
O41 420
043 440

BOTTOM VIEW

GND

TX DSB  In 100 mVvPP

AGC Input +3 - +6 VDC(R)

RX Logic "0" or 1

+9 VDC

GND

TW Logic "0" or 1
Rec. IF In 50 myPP

5 MHz TX IF Qut 200 MvPP(T)
ISB IF Out 200 mVPP(T)
TGC +2.9 - +3.9 VDC(T)

GND
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5.13 AUDIO/SQUELCH BOARD,
1A1A7

5.13.1 GENERAL

The audio/squelch board, Figures
5.26/27, 1s used in the receive mode
only. 'This board accepts the 5 MHz
IF output from the IF filter board,
1A1A6, and performs the final detec-
tor function to convert the inter-
mediate frequency signal into usable
audio intelligence. This process
involves two discrete, but not
simultaneous, detector Ffunctions,.
A product detector is operative in
all modes except the AME mode. In
the AME mode, an envelope detector
is operative. Two separate audio
outputs are provided. A 600 ohm
line audio output is applied to the
rear panel connector, 1A3J24, and a
low level output is applied to the
speaker/driver board, 1AlA8, to pro—
vide the front panel speaker and
headphones/headset audio.

Located on this board are an input
IF amplifier, AGC detector and am-
plifier, AM/product detector,
squelch amplifiers and gating cir-
cuitry. (In the all modes, AGC
voltage is derived from the 5 Miz
carrier by CR3 and CR4, and is amp-
lified by Q3. Fast attack, fast
decay 1is used for BAM, FSK and CW
signals, and fast attack, slow decay
is used for sideband signals. AGC
voltage to the IF filter board,
1A1A6, and delayed AGC voltage to
the mixer board 1Al1A5, controls the
receiver gain.

Other circuitry and functions
through this board are side tone
and mute functions. The rear panel
audio (600 ohm) is unaffected by op~
eration of the squelch control.

TTT

5.13.2 DETAILED DESCRIPTIONS

5.13.2.1 Input IF Amplifier and AGC
Amplifier

Q2 1is an input amplifier that ac-
cepts the IF input on pin 5, ampli-
fies and drives Q10, an emitter fol-
lower. The follower is used to pro-
vide a low driving impedance for the
AGC detector and the product detec-
tor. The output of Ql0 is rectified
in the wvoltage doubler C4, CR3 and
CR4., The rectified DC, applied be-
tween the emitter and base of Q3,
causes 03 to conduct, causing cur-
rent to flow through Rl and R5. The
positive going emitter voltage of Q3
is fed through CR17 to pin 1l. This
AGC voltage 1is wused to reduce the
gain of the 1IF filter board. The
AGC voltage drives Q1 through R5,
generating a negative going delayed
AGC on pin 40. The front panel
meter is driven through R2 and CR2.
The delayed AGC is used to control
the gain of the mixer and 1is used
for large input signals. R5 is ad-
justed so Ql collector voltage is
+3 vDC when 100,000 uvV are applied
at the antenna.

5.13.2.2 Product Detector and AM
Detector

The product detector consists of
UlA, ULB and UlC. The output of Q10
is fed through Cl7 to pin 2 of UlA.
The third 1O, f£from pin 12, is ap~
plied via C16, to the base (pin 12)
of UlC. Since UlA emitters are con-
nected in series with UlC, the third
IO modulates the current through
UlA, causing a mixing action., Audio
voltage is developed 1in the collec-
tor circuit (pin 5) and the 5 MHz is
filtered by C19. The detected audio,
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is fed through ULB and ULD to drive
other circuits. Tt should be noted
that in USB or LSB, the collector
load for UlA is R23 in parallel with
R22. A logic 0 on pin 35 or 37 will
cause Q6 to oconduct, applying +9
volts through CR7 and R23. During
AM operation, 06 is cut off and the
collector load for UlA is R22 only.
Also, the third 1O input is attenu-
ated 40 dB. For AM detection UlA
operates as an envelope detector,
When Q6 is cut off, RI1B causes cur-
rent to flow through CR1 and R13.
This action further reduces the
amount of the third 10 present dur-
ing AM operation.

5.13.2.3 600 Ohm Line Driver

The oroduct detector/AaM detector
output is fed through emitter fol-
lower UlB to C39 and R54. R54 is
adjusted to provide the proper out-
put on pin 14 and pin 6. The output
of R54 is fed through C40 and R53 to
pin 6 of U4A. U4A and Q7 further
amplify the signal and the floating
600 ohm output is developed across
Tl pin 1 and 3. Tt should be noted
that the DC input to transformer Tl
is on pin 5. Q7 current flowing
fron pin 5 to 4 is balanced by R42
current flowing from pin 5 to 6.
This configuration prevents Tl from
being saturated by the DC current of
Tl. The nominal output of the line
driver 1is 0 dBm, but is adjustable
to +10 dBm. )

5.13.2.4 Squelch Amplifier

The squelch amplifier consists of
C20, R25, U4B, 08, CR9, CRI0O and
associated components. The audio
output from UlB drives through C20
and R25 to pin 3 of U4B. U4B is
operated as a variable gain amplifi-
er. The gain variation is achieved
by removing negative feedback (re-
ducing negative feedback increases
gain) with C23. The front panel
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squelch (pin 10) applies a positive
voltage from +5 to +9 VDC to CRll.
This voltage, applied to the gate
of 08, causes 08 to act as a vari-
able resistor.

As the resistance between the source
and the drain of Q8 1is lowered, C23
reduces the amount of negative feed-
back applied to U4B, pin 2, causing
U4B gain to increase. Voltage di-
vider R27 and CRl6 assures that the
source voltage will be greater than
the pinch off voltage of Q8. This
assures that 08 will be cut off with
no input to its gate. CR14, R35,
CR15 and R37 force the anode of CR9
to be more positive when the
squelch c¢ontrols are maximum coun-
terclockwise. This action assures
that the audio gate will be open for
any signal condition when the
squelch control is fully counter-
clockwise. It should be noted that
the feedback network for U4B is fre-
quency selective (R31 and C25) and
the amplifier has maximum gain at
approximately 300 Hz.

The output of U4B (pin 1) is recti-
fied in voltage doubler C44, CR9 and
CR10. This DC is applied to pin 13
of U2. When pin 13 rises about 4.5

volts, the audio gate opens and
audio 1is passed through to Pin 3.
The squelch time constant is deter-
mined by €28 and R35. R50 and CR18
act as a clamp to limit the excur-
sion of the audio gate voltage,
thereby decreases the decay time of
the squelch voltage. The N.B. ON
input on pin 28 (+9V) forces the
squelch gate to be open anytime the
noise blanker is on.

5.13.2.5 Audio Squelch Gate and Out-
put Amplifier

ULD accepts the output from the pro—
duct detector and drives the audio
gate, U2, The audio gate can be
controlled by the squelch or the
audio mute line, pin 32.
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The audio passes through C46, R38,
pin 1 of U2, through SWA, out on pin
2 of U2 and into SWB on pin 3. The
output of SWB, pin 4, drives the
base of 04 through C32. SWA or SWB
of U2 can be closed to kill the
speaker audio output. A logic 0 on
the mute line will cause pin 5 of U2
U2 to decrease to below +4 VDC and
the audio will be killed. The mute
line is used to kill the audio dur-
ing the antenna coupler tuning mode,
or any time the synthesizer losses
lock (for example, when changing
bands). Audio amplifier Q4 can also
be driven from the side tone input
on pin 27. The side tone input
comes from the transmit modulator
board and is used during the CW mode
to provide aural monitoring of CW

keying.

T TN —— e
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5.13.2.6 Miscellaneous Circuitry

05 is the Receive switch and is en-
ergized when a logic 0 is placed on
pin 15. When Q5 is turned on, +9
volts is applied to most circuitry
on the board. Note that 4 is ac—~
tive in transmit as well as receive
because of the side tone require-
ment. 06 is a DC Mode switch and is
turned on in LSB, USB, or FSK.

5.13.2.7 AGC Time Constants

For USB, LSB or AM, the AGC time
constant is determined by C3 and
R69. When operating in FSK or CW,
the time constant is C3 and R59 in
parallel with R69. The AGC ampli-
fier has a fast attack and a slow
decay. The decay time is decreased
in FSK or CW.
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AUDIO/SQUELCH BOARD
(601077-536-002)

~
e®
I o

- o &

s MOE IN UBA

@~ +®OITTRAL &

@ SYMBOL

DESCRIPTION

PART NUMBER

a

2

c21, C26, C28,

37, C4l

c4, €5, C7-9,

cll-14, €29, €31,

C33, C45, C47,

c48, €52

10, €30, C49,

S0

as, as

a7

18, c24, C38,

c43

& €20, C23, C32,
34, C39, C51

c6, €25

c27

c22, €36, C40,

cs3

ca2

cd6

C44

601077-536-___ IS8__ 1
AUDIO SQUELCH 8D,

CR2-12, CR14,
CR15, CR17, (R19,
CR22-25

CR16

Figure 5.26 Audio/Squelch Assembly
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CR18
L, L2, L3

Q-4, Q7, Q10
Q5, 06, Q11

8
(Q1-7, Ql0, Ql1)

Capacitor, 1 uf, 35V
Capacitor, .0018 uf
Capacitor, 10 uf

Capacitor, 0.1 uf, 50V

Capacitor, .001 ,f

Capacitor, .01 uf
Capacitor, 6.2 pf
Capacitor, 100 uf, 25V

Capacitor, 4.7 uf, 50V

Capacitor, 470 pf
Capacitor, 22 ,f, Tant
Capacitor, 1 uf, 50V

Capacitor, 24 pf
Capacitor, 6.8 uf, 50V
Capacitor, 22 uf, 25V
Capacitor, 4.7 uf, Tant
Capacitor, 1 uf, Mono

Diode, HP3188
Diode, 1N4148

Diode, 1N4728A
Diode, 1N751A

Choke, 33 \H

Transformer, 2N2222A
Transformer, 2N2907A
Transformer, 2N5457

Transformer Pad, TO18

600202-314-007
600268-314-002
600297-314-013

600226~314-008

600189-314-014

600268-314-008
662081-~306~501
600297-314-032

600297-314-010

647003-306-501
600202-314-022
600297-314-003

624094-306-501
600297-314-012
600297-314-016
600202-314-014
600226-314-014

600144-410-001
600109-410-001

600006-411-001
600002-411-006

600125-376~007

600080-413-001
600154-413-001
600182-413-001
600025-419-001

SYMBOL DESCRIPTION PART NUMBER
R2, RS, R25, RS54 Resistor, 10k, Variable 600063-360-010
R3, RSB Resistor, 51q, 1/4W, 5% 651094-341-075
R4, R12, R36, Resistor, 47k, 1/4W, 5% 647024-341-075
R37, R52
Rl, R6 Resistor, 15k, 1/4W, 5% 615024-341-075
R7, R26, R53 Resistor, 4.7k, 1/4W, 5% 647014-341-075
R8, R45 Resistor, 100q, 1/4w, 5% 610004-341-075
R9, R1O, R23, Resistor, lk, 1/4W, 5% 610014-341-075
R41l, RSO, R62,
R64, R73
Rll, R15, R44, Resistor, 3309, 1/4W, S% 633004-341-075
R70
Rl4, R27, R46 Resistor, 1.5k, 1/4wW, 5% 615014-341-075
R24, R42, R65 Resistor, 2709, 1/4W, 5% 627004-341-075
R28 Resistor, 2.2k, 1/4W, S% 622014-341-075
R69 Resistor, 270k, 1/4W, 5% 627034-341-075
R18, R19 Resistor, 680a, 1/4W, 5% 668004-341-075
R20, R29, R30, Resistor, 22k, 1/4W, 5% 622024-341-075
R55, R56
R21, R32, RS9, Resistor, 27k, 1/4W, 5% 627024-341-075
R47
R4O Resistor, 2.7k, 1/4W, 5% 627014-341-075
R31 Resistor, 470k, 1/4W, 5% 647034-341-075
R33, R38, R16 Resistor, 470a, 1/4W, 5% 647004-341-075
R35, R39, R49 Resistor, 100k, 1/4W, 5% 610034-341-075
R60, R63, R71 Resistor, 10k, 1/4W, 5% 610024-341-075
R43, R74 Resistor, 6.8k, 1/4W, 5% 668014-341-075
R48 Resistor, 10a, 1/4W, 5% 610094-341-075
R51 Resistor, 430k, 1/4W, 5% 643034-341-075
R57 Resistor, 15q, 1/4W, 5% 615094-341-075
R61 Resistor, 150q, 1/4W, 5% 615004-341-075
R13, R17 Resistor, 220q, 1/4W, 5% 622004-341-075
R22 Resistor, 12k, 1/4W, 5% 612024-341-075
R76 Resistor, 3.6k, 1/4W, 5% 636014-341-075
R75 Resistor, 1.2K, 1/4W, 5% 612014-341-075
R58 Resistor, 5la, 1/4W, 5% 651094-341-075

R60, R63, R71,
R72

ul
U2

Resistor,

10k, 1/4wW, 5%

Transformer

I.C., CA3045
I.C., 4066BDC
I.C., CAl458

610024-341-075

635234-501-001

600038-415-001
600186-415-101
600039-415-001
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Audio/Squelch Board

1A1A7

Pin Connections and Voltage Readings

GND

.3-3 kHz 0-0.15 VRMS Audio
5 MHz -29 dBm_ IF In
Logic "0" or 1 TX

0 - +6 VDC (A3A) ACC "OR"
0 - +6 VDC AGC(R)

0 - +9 YDC Ext. Squelch*
Logic "0" or 1 RX

+9 VDC

GND

1 kHz .05-2.0 VRMS Sidetone

Logic "0" or 1 USB

Logic "0" or 1 LSB

. Logic "0" or 1 FSK

GND

*Option Normally Not Used
5-74

1A1A7-38
(O] 20
O3 40
O5 6O
O7 8 O
09 100
O11 120
O13 140
O15 160
o171 180
019 200
021 220
023 240
025 260
027 280
029 300
031 320
O3z 340
O3 360
037 30
039 400
O41 420
043 440

BOTTOM VIEW

GND

60052 Rec. Audio Out 0-2.4 VRMS

F.P. Squelch 0 - +9 VDC

3rd LO In -15 dBm 5 MHz

6009 Rec, Audio Out 0-2.4 VRMS

RX Logic "0" or 1

+9 VDC

GND

N.B. On_ Logic "0" or 1

PTT Logic "0" or 1

MUTE Logic "0" or 1

"RF" Gain_Q - +9 VDC

CW Logic "0" or 1

Delayed AGC

+2 - +6 YDC(R)

"S" MTR_ 0 -

+6 VDC(R)

_GND

wal
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5.14 SPEAKER/DRIVER BOARD,
1A1A8

5.14.1 GENERAL

The speaker/driver board, Figures
5.27/28, contains the four watt
speaker amplifier, DC volume control
circuit, tuning beep generator and
channel number buffers. Audio from
the audio/squelch board, 1AlA7, is
applied to this board through an
opto-coupler. The resistance of
this opto-coupler and thus the out-
put of the speaker/driver IC, U3, is
a function of the setting of the
volume control located on the front
panel, 1A2, As the volume control
is supplying a variable DC voltage
only, hum and noise rejection of
the audio amplifier is exceptionally
goad. The beep tone, when enabled
by the function  ENABLE/DISABLE
switch, 1AlA9-51-3, causes a dual
timer U2 to generate 2 kHz "beeps",
as the remote antenna coupler is
operated. The amplitude of the
beeps can be adjusted by the volume
control. The channel number buffers
located on this board buffer the BCD
channel number information from the
logic board, 1AlA9, before it is
routed to the rear panel accessory
connector 1A3-J25. The audio output
from this board drives the front
panel speaker, 1A2-1Sl, the head-
phone Jack, 1A2-J32, and the audio
output pin of the microphone jack,
1A2-J34.

5.14.2 DETAILED DESCRIPTION

The speaker amplifier, U3, 1is a
monolithic audio amplifier in a non-

TTT

inverting operational configuration.
Resistor R10 (56 ohms) sets the nom-—
inal wvoltage gain at 71 (37 dB).
Capacitors Cl0 and Cll are compensa-
tion capacitors, and Cl2 and RI11
form an output compensation network.
Capacitor C7 is a bootstrap capaci-
tor which enables the amplifier to
drive positive nearly to the supply
voltage. The output, pin 12, is
biased nominally at half the supply
voltage. The speaker is coupled
througn C13.

The audio input is coupled to U3,
pin 8, through opto-coupler CR3,
which contains a photo resistive
cell optically coupled to an LED.
As the TED current increases, the
resistance of the photocell de-
creases, applying more input signal
to pin 8 (U3). 'The LED current is
limited by R5, and is controlled by
the setting of the front panel
VOLUME control,

The tuning beep tone burst is cou-
pled to the audio input through R7,
which provides attenuation. The
tone burst is generated by U2, a
dual timer. The timer, whose output
is pin 9, generates a 2 kHz tone
which 1is gated off and on by the
other timer whose output is pin 5.
This timer is set by C3, CRl, CR2,
R3 and R2, and is gated on by a high
level at pin 4. This signal, called
"Beep", comes from the coupler tun-
ing logic.

Integrated circuit Ul is simply an
inverting open-collector buffer
which relays the channel switch in-
formation to the rear panel acces-
sory connector.,
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SPEAKER/DRIVER
(601120-536)
SYMBOL DESCRIPTION PART NUMBER
cl Capacitor, .01 uf, 50V 600272-314-003
C2 Capacitor, 10 uf, S0V 600297-314-013
C3 Capacitor, 47 uf, S0V 600297-314-026
C4, Cl4 Capacitor, .1 uf, 50V 600272-314-001
cs, Ce, C13, Capacitor, 1000 uf, 16V 600259-314-108
Cl5
c7, C8, C9 Capacitor, 100 uf, 25V 600259-314-006
Cl0 Capacitor, .0056 pf, 25V 600204-314-045
Cl1 Capacitor, .0015 uf 600204-314-040
Cl2 Capacitor, .15 uf, Mylar 600204~-314-027
CRl, CR2 Diode, 1N4148 600109-410-001
CR3 Diode, VTL5C3 600006-373-002
RL Resistor, 22k, 1/4W, 5% 622024-341-075
R2, RS Resistor, lk 610014-341-075
R3 Resistor, 13k 613024-341-075
R4 Resistor, 2k 620014-341-075
R7 Resistor, 100k 610034-341-075
R8 Resistor, 10k 610024-341-075
RY Resistor, 100Q 610004-341-075
R10 Resistor, 569, 1/4W, 5% 656094-341-075
R11 Resistor, 1@, 1/2W, 5% 610084-341-205
Ul I1C, 74LS26 600221-415-001
U2 IC, IM556 600237-415-001
U3 1C, 810p 600216-415-001

Figure 5.28 Speaker/Driver Assembly
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Figure 5.29 Speaker/Driver Schematic
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Speaker/Driver Board

1A1A8

Pin Connections and Voltage Readings

GND

Logic

IIOII

or 1 CHI

Logic

IIOII

or 1 CH?

Logic

IIOII

or 1 CH4

+13.2 VDC

Logic

IIOII

or 1 CH8

+9 VDC

Logic "0" or 1

Beep ON/OFF

+5 VDC

0.6 -~ +9 VDC Volume Control

GND

Spkr. Return (GND)

GND
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1A1A8-J4
[O]t 20
O3 40
Os 60
O7 80
09 100
O11 120
013 140
O15 160
O17 180
019 200
021 220
023 240
025 260
027 280
029 300
031 320
033 340
O35 360
037 380
039 400
O41 420
043 440

BOTTOM VIEW

GND

Audio In 0-0.15 VRMS (.3-3 kHz)

CH1 Logic "0" or 1

+13.2 VDC

CH? Logic "0" or 1

I

()
N

H4 Logic "0" or 1

(]

H8 Logic "0" or 1

GND

GND

Spkr. Audio 0-3.58 VRMS into 3.2Q

GND

hend
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5.15 LOGIC BOARD, 1A1A9
5.15.1 GENERAL

The logic board, Figures 5.29/30,
supplies frequency, band, mode and
channel information to other assem-
blies and/or optional equipment.
This board receives input data from
the front panel and/or rear panel
accessory connector. This data is
processed, and then appropriate com-
mands are applied to other boards in
the radio for operation. This is
possible because of the microoroces-
sor Ul and other supporting cir-
cuitry. In addition, ten channels
of memory can be stored by U4, A
low leakage lithium battery main-
tains memory power when operating
power is not applied or is removed
from the transceiver. Also located
on this board is the program ENABLE/
DISABLE switch, S1. This eight sec-
tion switch allows memory, beep
tone, manual control mode of the
transceiver and surveillance tune
mode of the automatic antenna
coupler to be enabled or inhibited.

5.15.2 DETAILED DESCRIPTION

Refer to Figure 5.32 for a block
diagram,

Ul is an 8035 microprocessor (up)
with an 82S181 PROM (U3) as program
memory and an IM 6551 Static RAM as
data memory. U2 (8212) 1is used as
an address latch device +to latch
address information for external
program and data memory chips U3 and
u4.

Port 2 of Ul (pins 21 through 24 and
35 through 38) are used as input
ports to enter emission mode infor-
mation (pins 21, 22 and 23). Chan-
nel information (pins 24, 35, 36 and
37) and TX/RX information (pin 38).
Bits 0 and 1 of port 2 (pins 21 and
22) are also used as ninth and tenth
bits of address to address up to
1024 locations on external program

TTT

memory chip U3, Port 2 is also used
as an output port. Under this con-
dition, data in the low four bits
(pins 21 through 24) are fed to I/0
expander chips U5 and U6. Each ex-
pander chip provides four 4 bit out-
put ports. The BCD output of each
port is applied to the synthsizer to
determine the frequency of the
radio. U6-P5 controls the 100 Hz
digit, U6-P6 controls the 1 kHz
digit, and U5-P5 controls the 10 kHz
digit. These outputs are applied to
the minor loop board, 1AlAl3.

U6-P7 controls the 100 kHz digit,
U5-P6 controls the 1 MHz digit, and
U5-P7 controls the 10 MHz digit.
These outputs are applied to the
major loop board, 1AlAl5.

U5-P4 is the output of special code
for emission mode display. The 3
low bits of this code are detected
by Ul8 to provide emission mode com-—
mand to the receiver/exciter. The
output of Ul8 is disabled (all high)
when U18-12 1is high (during the
coupler tune period). Ul8 also pro—
vides a coupler home signal when the
frequency 1is changed more than 10
kHz or the channel is changed.

U6-P4 contains band information
which is detected by Ul3 to provide
band select comnands via decoder,
Ul3.

Port 1 of Ul (pins 27 through 34) is
used as the output port. Bits 0
through 3 are channel and frequency
information and bits 4, 5 and 6 are
the display code for the multiple
LED digit display.

T™ and Tl input pins (Ul-1 and 39,
respectively) are the frequency
change command inputs with TO for-
frequency increasing and Tl for fre-
quency decreasing. INT pin (ULl-6)
is the load memory command input.
When this pin is pulled 1low, the
program is interrupted and jumps to
load memory sub-routine. 5-79
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NAND gate (Ul4-11l, 12 and 13, R5 and
C2) are used to extend the trailing
edge of the ALE signal so that port
2 of Ul can be used as an input and
output port without affecting each
other. U4 is a CMOS static RAM with
low voltage data retaining capabil-
ity. When power is turned off, Bl
supplies 3 volts through CR1L to re-
tain the data stored in U4.

U4 is a 256 x 4 bits CMOS static RAM
that is used to store data for each
channel. There are eight 4 bit
words for each channel. Words one
through six represent the 6 digit
frequency (100 Hz's digits through
106 MHz's digits, respectively). The
seventh word is band information and
the eighth word is emission mode in-
formation. The address lines of
this chip are controlled as follows:
bits 0, 1 and 2 are controlled by
software. For each set channel it
will be scanned from 0 to 7 to ob-
tain 8 memory locations required for
each channel. Bits 3 through 6 are
controlled by the channel switch.
The MSB (bit 7) is controlled by the
TX/RX switch. In the RX mode, MSB =
0, memory locations 0 through 127 of
U4 are selected. For TX, MSB = 1,
memory locations 128 through 255 are
selected.

Transistor switch Ql2 is used to
stop the p immediately when V..
drops below 4 volts to prevent the
loss of memory in U4 from occuring.

Whether the transceiver 1is in the
transmit or receive mode is deter-
mined by Q5 (TX line) and Q4 (RX
line). These are connected so that
when Ull pins 11, 3 and 6 are high,
Q4 is ON, Q5 is OFF, and the unit is
in the receive mode. Q3 drives the
AMT line, turning ON when the radio
is in the transmit and AM mode. The
transmit mode may be caused by only
one of pins 11, 3 or 6 going low.
For a pin to go low, both of its in-
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puts must be high. Note that in-
put pins 13, 2 and 4 are connected
so that if pin 13 is pulled 1low by
U10, pins 1 and 13, the unit cannot
go into transmit mode. If the LL
(loss~of-lock) line is low, the key
interlock 1line high, or the load
memory line high, Ul0 pin 1 or 13
will be low, inhibiting transmit.
Also, Ul0 pin 10 will mute the audio
if either the LL line is low or load
memory line is high.

In Ull, pin 12 causes transmit dur-
ing coupler tune, pin 1 causes
transmit from the PTT line and pin 5
causes transmit from the CW delay
one-shot, Ul2, pin 13. 1If the unit
is in coupler tune, Ul5, pin 15 will
be high, so U8, pin 10 will be low,
pulling Ull pins 2 and 4 1low, which
will inhibit transmission from pins
1 and 5.

When the PTT line is grounded, pin 2
of U8 goes high which drives Ull,
pin 3, low (if pin 2 is high), caus-
ing transmit. At the same time,
Ull, pin 8, will go low causing the
microprocessor to recall the trans-
mit frequency from memory. During
CW operation, it 1is desirable to
keep the transmitter keyed so that
the radio does not go from transmit
to receive at the end of every dot
and dash. If the (W mode is selec-
ted, the collector of Q2 will be
high, enabling the CW delay one-shot
portion of Ul2. The one-shot is
triggered at the end of each charac-
ter via C25 as pin 2 of U8 rises.
Ul2 1is a retriggerable one-shot,
which means that pin 13 stays high
for 0.5 to 5 seconds (determined by
the setting of R8) after any trigger
pulse arrives, even if it arrives
while the one-shot is already trig-
gered. When the one-shot is trig-
gered, pin 13 is high, driving Ull,
pin 6 low, which keeps the radio in
transmit for 0.5 to 5 seconds after
the last CW character is sent.




A normal coupler tune cycle is ini-
tiated by a ground on the LIN line
from Q8, via R56, C33, Sl-6 and Q10,
or by the program software, via S1-5
and Ul6 to supply a logic 0 pulse to
Ul5, pin 1. This flips U15, pin 15,
high and pin 14 low, turning ON Q6
(TNG line) and turning OFF Q9. Since
the If the TUNING BEEP switch is on,
the beep starts. When Ul5, pin 15,
goes high, it sends a TUNE command
(low) to the coupler via U8, pin 8,
When the coupler responds with a Key
Enable command, Q7 turns off and the
collectors of Q7 and Q9 will now
rise, putting the radio into the
transmit mode via Ull, pin 11 (logic
0). At the end of the tune cycle,
the TUNING 1line rises, turning on
010. This triggers the reset one-
shot portion of Ul2, which resets
both flip-flops in Ul5. Note that
if the Coupler Enable line 1is not
grounded, OQl1 will be on, holding
pin 7 at ground. This will hold pin
12 low, which will hold both sec-
tions of Ul5 reset, so a tune cycle
cannot be initiated.

When the AUTO-TUNE switch is ON,
Ulé, pin 5, is low, via inverter U8-
2. When the PIT line goes low, U8-2
goes high causing Ul6~5 to be high,
and this initiates a TUNE cycle. If
the channel is changed, or the fre-
quency is changed more than 10 kHz,
a short negative pulse appears on
Ul8, pin 9. This pulse is inverted
twice by gates of Ul6é and resets
Ul5; pin 15, high and pin 14 low.
The tune cycle is initiated by push-
ing the microphone push-to-talk but-
ton. This triggers Ul5, pins 11 and
15 high, and allows the transmit
mode. At the end of the cycle, Ul5
is reset by TUNING going high. A
TUNE cycle cannot be initiated un—
less S1-5 is closed.

5.15.3 SOFIWARE DESCRIPTION (Refer
to Program Flow Chart)

When the system is first turned on,
or the channel, emission mode and

TTT

TX/RX switch changed, the micropro-
cessor will read the channel, mode
and TX/RX switch settings. 'The
channel number is the first to be
detected and displayed (no channel
display in the manual mode). Cor-
responding data for the set channel
is moved from U4 to the up on chip
RAM (user's RAM) location 8 through
15. The ,p will scan through this
data again and again to display fre-
quency and emission mode. Data in
user's RAM is used by the pp to dis-
play frequency and emission mode,
calculate the synthesizer's fre-
quency, output band and emission
mode commands. In channelized oper-
ation, if the load/operate switch is
in the "operate" position, the data
in the user's RAM cannot be changed
for the set channel. However, if it
is in the "load" position or in man-
ual operation (channel switch in
position 11), the frequency and
emission mode can be changed by the
control of the front panel switches.
New synthesizer frequency and band
information will be up-dated by the
wp and the coupler TUNE signal is
sent out if the frequency change is
more than 10 kHz. The up-dated in-
formation in user's RAM will be
stored in U4 when the Load TX or
Load RX switch is depressed in chan~
nelized operation or will be auto-
matically stored in manual opera-—
tion. If the TX switch is depressed
in the channelized and operate mode,
the TX frequency will be shown on
the display, and the transmitter
will not key. The display TX fre-
quency therefore is not being trans-—
mitted.

If invalid frequency or mode data
is scanned by the p, a default fre-
quency of 29.9999 MHz and mode of
USB will be entered and displayed.
This prevents data errors due to a
discharged memory backup battery,
vehicle electrical system noise, or
erroneous memory data entry, causing
improper frequency and/or out of
band operation.
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LOGIC BOARD
(601087-536-002)

SYMBOL

DESCRIPTION

PART NUMBER

a, ¢9-11, Cl4,
s, 22, C23,
c28

Capacitor, 0.1 uf, 50V

600272-314-001

a3, c6, C12, Capacitor, 0.1 uf, 50V 600226-314-008 J
a7, 21, €20
c2, €29, €30, Capacitor, .00l uf, 50V 600272-314-008
&5 -
25 Capacitor, .01 uf, 50V 600272-314-002 A
s, C7 Capacitor, 20 pf 620094-306-501 o
cs, Cle, C18 Capacitor, .01 uf, 50V 600272-314-002
Y™ = 13 Capacitor, 47 uf, 50V 600297-314-026
: = m o + > S 1S e 9, €31 Capacitor, 1 uf, 50V 600297-314-003 -
Cs 1 - 1 L] Ccze] . - c24, €27, c4 Capacitor, 10 uf, 50V 600297-314-013 o
Nt Cad i Cce] ~Ea @26 Capacitor, 22 uf, 25V 600297-314-016 ]
o 5 i o o L e —~0 - £ o e C33, CM Capacitor, .1 uf, 50V 600226-314-008 .
P W 1 T2s g2 S § 3 a5 Capacitor, 1 yf, 35V 610045~319-350
mp S Sel U U - S ] o >
Ly - n x By I (= o A - CR25 Diode, 1N4004 600011-416-002 &3
Enw A uon e Eﬁl S =hd CRl, CR4, CRS5, Diode, 1N4148 600109-410-001 '
S Lo TR - Gl Y . 'ﬁ 8, CRL6, CRLY, 3
& o - o 8o g = E‘“] bm - CR22, CR26,
) == a 3, 49 & - o u = 27
- ula s ~ ~ R2, CR3, CR7, Diode, IN270 600052-410-001
& Q;, KLie] T s B < @ & - 7 & CR9, CR10, CRIl, |
» I E . = G & P Q, %g @15, Cu7, B
b= ’ [}
¥ [c14 uty ° - ! @ CR6 Diode, 1N6263 600145-410-001
~ r‘;‘, 010 CR12, R14 Diode, INT46A 600002-411-001 -
& ute 1 L2 CR23 Dicde, 18270 600052-410-001 i
Ow Cc10] CR24 Diode, IN746A 600002-411-001 J
o {c23] “Q 19 :
& MADE IN USA [L2] . Ll Choke, 0.33 H 600125-376-001
L™ [El £1 ”: 2 Choke, 100 H 600125-376-002 .
L3 Choke, 47 H 600125-376-008 ;
« >
O [czz é_'?:i] os Q-11 Transformer, ZN2222A 600080-413-001 ‘
[®s3] u? ~23 Cred] EE ] 12 O Q12, Q13 Transformer, 2N2907A 600154-413-001
- o5 o4 @ 24 16 o Q4 Transformer, 2N22222 600080-413-001
“ 1 E:I OOO L “ el " qu4 Transformer Pad, T0-18 600025-419-001 |
|—| 15 |—| (Q2-13) Transformer Pad, TO-18 600025-419-001 |
L Rl, R2, R25, R28, Resistor, 10k, 1/4W, 5% 610024-341-075 /
33, RS5, R36-40,
F48
R3, RI0-12, R17, Resistor, 4.7k, 1/4W, 5% 647014-341-075 ]
RIS, R22, R30,
RS51, RS2, R4l, 4
RA2, R49, R54
R, R13-16, R19- Resistor, 1k, 1/4W, 5% 610014-341-075 ,
21, R23, R32,
R34, R35
R59, R61 Resistor, 10k, 1/4W, 5% 610024-341-075
R60 Resistor, 2.2k, 1/4W, 5% 622014-341-075
. RS, R6 Resistor, 240Q, 1/4W, 5% 624004-341-075
RS Resistor, 100k, Variable 600063-360-014 .
R9, R45, Ré6 Resistor, 22k, 1/4W, 5% 622024-341-075
R4, R27 Resistor, 2.2k, 1/4W, 5% 622014-341-075
R43, R44 Resistor, 100g, 1/4W, 5% 610004-341-075 -
47 Resistor, 100k, 1/4W, 5% 610034-341-075
R53 Resistor, 47g, 1/4W, 5% 647094-341-075
R56, RS7 Resistor, 10k, 1/4W, 5% 610024-341-075 J
s1 Switch, Dip, 8 Pos. 600264-616-005 d
u8 I.C., 7406 600016-415-001 ey !
ul I.C., 8035 600218-415-002 o
u2 1.C., 8212 600530-415-001 Sl
U3 I.C., Pram, 825181 600209-412-001 wd
v4 1.C., IM6551 600531-415-101 ‘
us, U6 I.C., 8243 600217-415-001
w7 I.C., 74LS04 600111-415-001
w I.C., 74LS74 600113-415-001
10, Ul6 I.C., 74LS33 600219-415-001 -,
U1l I.C., 74LS03 600239~415-001
) . v12 I.C., 74LS123 600326-415-001
Figure 5.30 Logic Board Assembly i 1iCL, 741500 S00114-415-001
u15 I.C., 741576 600545-415-001 «
u17 I.C., 74LS244 600282-415-001 e
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Figure 5.31 Logic Board Schematic
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Figure 5.32 Logic Board Block Diagram
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Logic Board

1A1A9

Pin Connections and Voltage Readings

GND

Manual Enable (GND)

+5 VDC

Loqic IIOII OY, l IIBEEPII

R Panel GND Key Interlock

EXT Key Enable

TTL Load Memory

. Logic "0" or 1 T?ﬁr
_ Logic "0" or 1100 Hz "8"
" 1 kHz "2"
" 1 kHz "1"
" 1 kHz "4"
! 1 kHz "8"
" 10 kHz "2"
- 10 kHz “1"
i 10 kHz "4"
" 10 kHz "8"

Data TTL P15

P16

FREQ Down TTL High TI

FREQ Up TTL High TQ
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1A1A9-401
O]t 20
O3 40
Os 6O
O7 8O
O9 100
O11 120
013 140
O15 160
O17 180
019 200
021 220
028 240
025 260
027 280
029 300
O3 320
033 340
O3 360
037 380
039 400
O41 420
043 440

BOTTOM VIEW

GND

Load Enable TTL

+5 VDC

Coupler Enable EXT

_TUNE Command EXT

SurveilTance Tune EXT

100 Hz "2"

logic "0" or 1

100 Hz "1°

100 Hz "4"

100 kHz

II2II

100 kHz

Illll

100 kHz

I|4II

100 kHz

II8II

1 MHz “2"

1 MHz "1"

1 MHz "4"

_1 MHz "8"

10 MHz "2"

10 MHz "1"

E "o" oor 1

Tuning

pemns oo
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Logic Board

TTT

1A1A9

Pin Connections and Voltage Readings

MS2

CH2

CH4

CH8

P11

P13

MD8

MD4

MD2

B5

B3

B1

1A1A9-J2
[O]1 20
O3 40
o5 6 O
o7 8O
O9 100
O11 120
013 140
O15 160
O17 180
O19 200
021 220
023 240
025 260
027 280
029 300
031 320
033 340
O3 360
037 380
039 400
O41 420
043 44O

BOTTOM VIEW

CH1

MS4

MS1

TX

P10

P12

P14

RX

MD1

Bb6

B4

B2

A1l voltages on this connector are logic signals of either a "0" or "1" state.
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5.16 POWER SUPPLY REGULATOR
ASSEMBLY, 1A1A10

5.16.1 GENERAL

The power supply regulator, Figures
5.33/34, supplies two of the four
regulated operating voltages for the
transceiver. The two voltages pro-
vided by this assembly are +9 volts
and +5 volts regqulated DC, +12 or
+24 vDC from the rear panel power
connector, 1A3J30, is applied to the
input. Ul and transistors Ql and Q2
form a +5 volt high efficiency regu~
lator. The voltage output of the 5
and 9 volt regulators are adjust-
able, The output of the 9 volt
regulator is applied to the 1AlA2,
1A1A3, 1AlA4, 1AlA5, 1AlA6, 1AlA7,
1A1A8, 1A2 and 1A3 assemblies.

The output of the +5 volt regulator
is applied to the 1AlA8, 1AlA9,
1A1A11, 1a1al2, 1Alal3, 1Aalald4,
1A1A15 and 1A2 assemblies,

5.16.2 DETAILED DESCRIPTION

The power supply regulator assembly
furnishes regulated +5 volts and +9
volts at high efficiency from any
input voltage between 11.2 volts and
30.4 volts. The unit contains two
separate supply sections, one for +5
volts output and one for +9 volts
output. Since the sections operate
identically, only the +9 volt sec-
tion will be described in detail.

The purpose of U2 is to turn on Q3
with the proper duty cycle to estab—
lish the correct output voltage.
More about U2 later. The key com-
ponents 1in a switching supply are
transistor switch Q3, diode CR4 (a
fast recovery type), storage induc-
tor L3 and storage capacitors Cl4,
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Cl5 and Cle. In operation, Q3 is
either on (saturated) or off. When
Q3 turms on, the current builds up
slowly through L3, while C15-Cl6
furnish the output current until the
current through L3 builds up high
enough. When Q3 turns off, the
voltage at the junction of L3 and
CR4 tries to go negative. When the
voltage catches on CR4, L3 continues
to suppy output current. The effi-
ciency of the power supply is very
high because: 1) Q3 is either sat-
urated or off, wasting little power,
2) little power is wasted 1in CR4
because its drop is small, and
3) current stored in 13 is used dur-
ing the off cycle.

Integrated circuit U2 is a switching
power supply subsystem which con-
tains: 1) an RC oscillator, 2) a
pulse width modulator, 3) output
drivers, and 4) an error amplifier,
over current sense and a voltage
reference. The oscillator runs at a
fixed frequency determined (40 kHz)
by R19 and Cl1 (Ul is slaved to U2's
oscillator via pins 3 and 7). 'The
output drivers (pins 13 and 12)
drive Q3 via R21 with a pulse width
determined by the width modulator,
which receives instructions from the
error amplifier. The error ampli-
fier compares a sample of the output
voltage on pin 1 with the reference
voltage in pin 2. If the sample is
lower than the reference, the pulse
width increases. If the sample is
higher than the reference, the pulse
width decreases. The voltage sample
is determined by R18, R17 and
adjustable trimpot RIl6. Network
Cl2 and R20 are feedback stabiliza-
tion components which determine
power supply stability and transient
response. Over current is sensed by
the drop across R23 and set by R24
and R2.




i

r
u

| -

Chokes L7, L6 and L5, along with
capacitors Cl19, C20 and C21 are fil-
ters to reduce RFI outside the can.
The +9 volt output has as additional
ripple filter 14, Cl17 and Cl8, and
the input has an additional filter

L1, C1 and C2.

Over voltage protection is provided
by zeners CRl and CR2. If pass
transistors Q3 or Q5 should short,
CR1 or CR2 will hold the output
voltage and cause the rear panel
radio fuse to blow.
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POWER SUPPLY SWITCHING ASSEMBLY

(600411-705)

DESCRIPTION

PART NUMBER

Figure 5.33 Power Supply Regulator Assembly
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R2, R3, R5,

R4, R21
R6, R9, R20
R7, R8

RIO

R11, RI7
R12, RI6

R14, RIS
R1E
R19, R25
R23
R24
R26
R27
R28

ul, u2

Capacitor, 47 .f, 50V
Capacitor, .1 uf, Axial
Capacitor, 22 yuf, 50V
Capacitor, 1 uf, 35V, Tant.
Capacitor, 47 uf, 35V, Tant.
Capacitor, 220 uf, 10V, Tant.
Capacitor, .01 uf, S0V
Capacitor, 47 uf, 10V
Capacitor, 1 uf, 50v
Capacitor, 22 uf, 25V

Diode, IN5349B, 12v
Diode, 1N5341B, 6.2V
Diode, MRB21
Diode, 1N4935
Diode, IN754A, 6.8V

Inductor, 250 yH
Inductor, 200 pH
QOIL, 4.7 H

Transistor, 2N2907a
Transistor, MJE3055
Transistor, MJE2955
Transistor, 2N2222A

Resistor, 10@, 1/4W, 5%
Resistor, 100Q, 1/4W, 5%

Resistor, 620q, 1/4W, 5%
Resistor, 470, 1/4W, 5%
Resistor, .27q, 2W
Resistor, 2.4k, 1/4W, 5%
Resistor, 1.5k, 1/4W, 5%
Resistor, 2k, Pot,
Resistor, 1k, 1/4W, 5%
Resistor, 10k, 1/4W, 5%
Resistor, 7.5k, 1/4W, 5%
Resistor, 4.3k, 1/4W, 5%
Resistor, .47q, ™
Resistor, 200q, 1/4W, 5%
Resistor, 4.7k, 1/4W, 5%
Resistor, 20k, 1/4W, 5%
Resistor, 47k, 1/4W, 5%

IC, LM3524

600297-314-026
600272~-314-001
600297~-314~018
600202-314-007
600202-314-045
600202-314~051
600272-314-003
600259-314-013
600226-314-014
600297-314-016

600026-411-017
600026-411-009
600062-416-001
600033-416~001
600002-411-017

605039-513-001
605038-513-001
600091-376~-001

600154-413-001
600266-413~001
600289-413-001
600080-413-001

610094-341-075
610004-341-075

662004-341-075
647004-341-075
600057-340-001
624014~-341-075
615014-341-075
600063~360—-008
610014-341-075
610024-341-075
675014-341-075
643014-341-075
600057-340-004
620004-341-075
647014~-341-075
620024-341-075
647024-341-075

600466-415-101
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5 & 9 Volt Power

ci13
47uF
SOV
+ ¢
9 » It
R3 Qtl cS
3 [+ + cio |+ MIE 2955
25’%;::‘# az 22uF |Z>
MJE 3055 Sov CRA
> —e
& - Ri4 IN4935 R23
_ 027 L3 .47
e 10K 16 2004 H 2w
v RIS ww
Q LM 3524 ) LM 3324 470 e—t L
400 AT uF SOV
TPV MRBRE_L 2W, WW Y 23456746 oS
$ 00
C\o $ 2
RW R1O + Cl-“’ c\ - + :\L T
_M_‘ AN\ "' | .O\‘AF W
10 47 MF 50V
.5K 2.4 T 220uF 0V g ~
3 }
RIZ™ & 4 R3 7
2K ¢2'| 4+5Vour IK ’—|+ (—7 RIB
9 o > R2
' ADOUST 9470 2204 F 1OV L o Wy 100
7.5K 4
250uH L
Q4 c8 2008
CNCYQOTA + (___. L R\7
c\ 2 c\7
Ky 220uF 10V . $ LSK Sy !
INTSAA ) 4—,“”; 474F 50V | BOARD
——¢ 50V o C%‘;‘F?
o\.uF 3 |\
CR2 cz RIGs $q % +2V°‘-T T AuF T
DIVST CRY
PC. BOARD INS341B L—|(_. 2K €5
LO\D85-2536 E7 oy Eb AuF s 53458
—_——_—————_-—— E4- - oE3 .- SN -V 2R = S
i 1 E
L7 L__1 dL6 L o e e e - Ny LS
4-7M H 4 o7.uH 4--'4.&“
NOTES
{ )
tl.czl ) C\z.a?F \uF
I. UNLESDS OTHERWISE NOTED: T 1F T sov T s |
ALL RESISTORS ARE IN OHMS V4W 15%. 26V 1
°______ A ___ Ae _ | M _pim
az € O3 ARE MOUNTED OFF BOARD ke 1326V 1oy i Figure 5.34
- INPULT ouT %‘55

Supply Schematic
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Power Supply Requlator

1A1A10

Pin Connections and Voltage Readings

1A1A10-J13 -

(:> A GND

O B +9 VDC

+13.2 or +26.4 VDC In
OC

(:) D +5 VDC ;J

BOTTOM VIEW
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5.17 NOISE BLANKER, 1A1A11
5.17.1 GENERAL

The noise blanker, Figures 5.35/36,
is a high gain noise pulse amplifier
and detector which 1is used to gate
off the second IO that is applied
to the mixer board, 1AlA5, thus
effectively blanking the receiver
during periods of interferring noise
pulses such as ignition noise, etc.
The input of the amplifier is tuned
to 35 Mz (above the transceiver
operating frequency). Impulse noise
occupies a wide bandwidth and can
effectively be amplified and
detected at this frequency. Using
this frequency prevents saturation
of the noise blanker by large sig-
nals in the 1.4 to 30 MHz band.
The noise blanker input is connected
to the output (ANT) of the half oc-
tave filter board, 1AlA2., The out-
put of the noise blanker is applied
to the mixer board, 1AlA5.

5.17.2 DETAILED DESCRIPTION

The noise blanker is a high gain
noise pulse amplifier and detector
used to gate off the second local
oscillator, thus blanking the re-
ceiver during interferring noise
pulses such as ignition noise. The
amplifier is tuned (by C3, L4 and
L6) to 35 MHz in a quiet part of the
band to prevent saturation _by large
signals in the 1.4 to 30 MHz band.

The input at pin 39 is taken from
the 50 ohm antenna input line of the
receiver., Cl, C3, C5 and L1 form a
single pole bandpass filter with a
bandwidth of about 1 MHz. Cl
matches a 50 ohm source impedance to
18K ohms across the filter. The
small 4.7 pf value of Cl has a neg-
ligable effect on the desired sig-
nals on the antenna line over the
1.4 to 30 MHz band. It also limits
the maximum signal power into the

[T

noise blanker during transmit when
125 watts appears on the same anten-
na line. CR1 and CR2 are pin diodes
with low capacitance and high off-
resistance to prevent loading the
tuned circuit. They protect the
following active circuits. The
power to each diode from the 125
watt transmit signal is limited to
less than 62 milliwatts in the worst
case at 30 MHz by the high source
impedance vprovided by Cl. c5
matches the filter impedance down to
a 1K ohm impedance (the parallel re-
sistance of Rl and the 3K ohm input
of Ul). L2 tunes the 7 pf parallel
input capacitance of Ul,

The outputs of Ul and U2 are tuned
to a pandwidth of about 1 MHz each
by C8, 14, Cl12 and L6, respectively.
R5 and R6 provide damping for sta-
bility. The overall bandwidth of
the linear circuitry before detec-
tion is about 300 kiHz., The voltage
gain is about 90 dB to the output of
U2. The overall gain can be adjust-
ed by R4, which varies the AGC bias
to Ul. The 80 dB bandwidth is ap—
proximately +5 MHz. The noise fig-
ure from a 50 ohm source is about 19
dB, which gives a 10 dB S/N at -85
dBm input.

The amplifier stages are followed by
a peak detector (CR4), which is
biased by R7 and CR3 to obtain low
level detection with temperature
compensation. The detector output
(monitored at TP3) will show about
0.2 VDC at maximum gain and no sig-
nal. A -90 dBm CW input will pro-
duce 0.34 VDC.

The detector 1is followed by a com-
parator U3, which is biased within
its operating range by R9, R10 and
R1l. The current through R10 pros
duces a 20 millivolt drop which in-
put pulses must overcome to produce
a positive output from U3, The time
constant of Cl6 and R10 produces a
differentiator which passes only
fast rise time pulses.
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The comparator is followed by a dual
monostable multivibrator, U4. Input
pulses from U3 trigger the first
multivibrator through pin 4, which
produces a +9 volt peak  output
milse, with a pulse width of 340
microseconds as determined by RI13
and C19. This pulse is used to gate
off an amplifier stage in series
with the second local oscillator in
the transceiver receiver. The pulse
width 1is wider than necessary to
compensate for delays and ringing in
the norrowband stages which the
noise pulse in the receiver path en-
counters before it is blanked in the
second mixer. A second multi-
vibrator section triggered by the
output pulse at pin 12, is used to
inhibit the first multivibrator for
1.4 milliseconds (as determined by
R15 and C20). This prevents the re-
ceiver from being completely blocked
by triggering from fast PRF (pulse
repetition frequency) signals.

The noise blanker is enabled by a
ground on pin 21 (as from a front
panel switch) and a ground on pin 16
(which occurs in the receive mode).

The noise blanker requires +9 VDC at
42 milliamperes on pin 27 or 28.

5.17.3 CALIBRATION AND ADJUSTMENT

Normally no calibration or adjust-
ment of the noise blanker 1is
required, as the PC assembly is
aligned at the factory. IF compon-
ent replacement or other reasons
indicate the need for alignment or
adjustment proceed as follows:

a) Remove the transceiver key inter-
lock, by removing the accessory
connector, plug 1A3-P2. This re-
moves the jumper between pins "C"
and "G" (ground) thereby preven-
ting the transceiver from being
unintentionally keyed.

b) Connect an RF signal generator to
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e)

£)

g)

h)

i)

the antenna connector 1A3-J31.
Set the generator mode to W,
frequency to 35.0 MHz and the
output amplitude to -80 dBm (.022
millivolts).

Remove the noise blanker card
from the transceiver, place on an
extender card (optional equip-
ment, part number 601198-536-001)
and reinstall in the transceiver.

Connect a DC VIVM or VOM (non-
digital type) between TP-3
(white) and TP-2 (black) ground.
Set the voltmeter to a scale
capable of reading 0.5 VDC.

Apply power to the transceiver.
Turn on the noise blanker from
the front panel of the trans-
ceiver (pull out on the squelch
control),

Adjust variable capacitor C3,
and variable inductors 14 and 16
for maximum DC voltage indication
on the DC voltmeter.

Adjust R4 to maximum clockwise
position (maximum N.B. gain).
The DC voltage at TP-3 should be
between 0.29 and 0.41 VDC,

Disengage the RF signal genera-
tor. Proper N.B. operation may
be verified by applying a source
or simulated source of impulse
type noise to the antenna input
of the transceiver. This noise
source may be a pulse generator
adjusted to the following: pulse
width 1 microsecond, pulse ampli-
tude 8 mVPP, pulse rise time 10
nsec. nominal, and pusle repeti-
tion frequency (PRF) of 100
pulses per second.

Connect an oscilloscope to the
output of the noise blanker, pin
9. The output should consist of
240~-440 microsecond pulses of
approximately 9 volts amplitude.
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As the pulse generator or impulse
noise source is removed, the
pulse output of the noise
blanker ceases.

This completes the checkout and
test of the noise Dblanker,

1A1A11.

In locations of the high ambient
impulse noise (such as industrial
complexes, etc) if such noise

A VA A N L L A g R A ot ¢+ sT e ek nn e e

sources cause erratic triggering
of the noise blanker, the condi-
tion may be improved by decreas-
ing the gain of the noise blank-
er. This may be done by engaging
the noise blanker, and then turn-
ing R4 counterclockwise to de-
crease the noise blanker gain
until more satisfactory operation
occurs. The noise blanker is
still highly effective, even with
its gain reduced.
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NOISE BLANKER
601079-536-001
ISS C
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NOISE BLANKER
(601079-536)
SYMBOL DESCRIPTION PART NUMBER

a Capacitor, 4.7 pf 600269-314~005
c2 Capacitor, 1.0 yuf, 50V 600297-314-003
c3 Capacitor, 3-15 pf, Variable 600018-317-006
ca, €1, ©9, Capacitor, .001 uf, 50V 600272-314-008
cl1, C13, Cl4,

Cl6, C24

cs Capacitor, 1 pf 610081-306-501
c6, C10 Capacitor, .01 uf, 400V 600204-314-001
c8, C12 Capacitor, 180 pf 618003-306-501
c1s Capacitor, 220 pf 600269-314-038

17, c21-C23,
C25
Cc18
Cl19
C20

CRl, CR2
CR3, CR4

L1

12

L3, L5, L7
14, L6

0l, @
(Q1, Q2)

Rl

R2, RS, R6,
R10, R12
R3, R16

R4

R7

R8, Rl4, R17,
R19

R9, Rl11

R13

R15

R18, R20

TPl
TP2
TP3

U1, U2
u3
U4

Capacitor, .1 uf, S50V

Capacitor, 470 pf, 50V
Capacitor, .022 uf
Capacitor, .15 uf

Diocde, HP5082-3188
Diode, 1N4148

Coil, 1.2 M
Cnoke, 3.3 H
Choke, 22 4
Coil, .1 jH, Variable

Transistor, 2N2907A
Transistor Pad, TO-18

Resistor, 1.5k, 1/4W, 5%
Resistor, 2.2k

Resistor, 1k

Resistor, Sk, Variable
Resistor, 4.7k, 1/4W, 5%
Resistor, 10k, 1/4wW, 5%

Resistor, 470k, 1/4W, 5%
Resistor, 33k, 1/4wW, 5%
Resistor, 22k, 1/4W, 5%
Resistor, 3.3k, 1/4W, 5%

Test Point, Orange
Test Point, Black
Test Point, White

I.C., MC1350P
I.C., IM311
1.C., CD4098B

600272~314-001

600272-314-005
600204~-314-009
600204-314-027

600144-410-001
600109-410-001

600149-513-001
600125~-376-006
600125~376~009
600173-376-001

600154~413-001
600025-419-001

615014-341-075
622014-341-075

610014-341-075
600066-360-009
647014-341-075
610024~-341-075

647034-341-075
633024-341-075
622024-341-075
633014-341-075

600114-611-003
600114-611-001
600114-611-009

600214-415~001
600298-415-001
600421-415~101
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Noise Blanker

1A1A11

Pin Connections and Voltage Readings

GND

340 MSC +9V Pulses N.B. Gate

GND

Logic "0" or 1 RX

+9 VDC

Low Level(R) 25W'RF8T
u

12
Filter

GND

GND

1A1A11-J11

O] 20
O3 40
Os 60
O7 8 O
09 100
O11 120
013 140
015 160
O17 180
019 200
021 220
023 240
025 260
Q27 280
029 300
031 320
033 340
03 360
037 380
039 400
041 420
043 440

BOTTOM VIEW

GND

RX. Logic "0" or 1

+9 VDC

N.B. "ON" (+9 VDC)

EXT. Gain 3.4 - 5.4 VDC
GND
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5.18 REFERENCE BOARD, 1A1A12

The reference board, Figures 5.37/
38/39, contains the 5 MHz tempera-
.ture compensated crystal oscillator
(TCXO), from which are derived the
50 kHz reference for the major loop,
the 1 kHz reference for the minor
loop, the 1 kHz CW tone and the 5
Mz third 1O signal. This board
also contains the clarifier oscilla-
tor and a +24 volt bias supply for
the major loop.

The TCXO output at 5 MHz is buffered
by a NAND gate (UJ2, pin 8). An ex-
ternal reference input (U2, pin 9)
is available for possible future
uses of this board where the refer-
ence oscillator might be mounted re-
motely. From U2, pin 8, the 5 MHz
splits into two paths. One goes to
the third O switch, pin 1 of U2.
The other goes to Ul, a dual decade
counter, which is  connected to
divide-by-100. The output of Ul on
pin 3 1is buffered by U6, pin 8, to
become the 50 kHz reference signal
to the major loop board. The 50 kHz
signal also drives the voltage mul-
tiplier from U6, pin 11. Tran-
sistors Q1 and Q2 are high current
drivers which drive the voltage mul-
tiplier with a 50 kHz square wave of
approximately 11.5 volts peak-to-
peak amplitude. Diodes CR2 through
CR6 and associated capacitors form a
voltage multiplier. The output is
regulated to +24 volts at TPl by
zener CRl, and is designed to supply
approximately 2 mA to the major loop
board.

The AM and RX lines are buffered and
inverted by Q4, Q5 and associated
circuitry, and routed to pins 4 and
5 of U2. If the transceiver 1is in
AM receive, the AM and RX lines will
both be low, so pins 4 and 5 of U2
will both be high. This drives pin
6 (U2) low which makes pin 3 high,
inhibiting the third 1O output.
Transistor Q3 is an emitter-follower
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which drives the third 1O output
through a harmonic filter made up of
Ll2, Te6, L7, L11 and associated
capacitors. The third LO output
level is adjustable with R9. The
output level is normally set to O
dBm (.224 volts RMS).

The clarifier shifts the receive
frequency by substituting a variable
1 kHz reference for the fixed 1 kHz,
which normally supplies the minor
loop. The clarifier oscillator, Q6,
is a Colpitts configuration crystal
oscillator whose operating frequency
is determined principally by Y1, L10
and varicaps CR13 and CR12. The
CLARIFIER control on the front panel
varies the bias on the varicaps from
0 volts to 49 volts. This causes
the frequency of the nominally 5 MHz
oscillator to shift at least +1250
Hz. The output is buffered by Q7,
which drives U4, a dual decade coun-
ter which is connected to divide by
100 and gives a 50 kHz output at pin
9. The clarifier will be ON only if
the RX line 1is low and the CLRS
(clarifier switch) line is low. 1f
this is true, U2 pins 13 and 12 will
be high, pin 11 will be low. This
disables the pin 11 gate of U3 and
enables the pin 6 gate of U3. Since
pin 3 is high, Q8 is turned on,
which enables the clarifier os-
cillator. The 50 kHz at U3, pin 8,
is now being supplied by the clari-
fier oscillator rather than the
TCXO. U5 is connected to divide by
50 to produce 1 kHz at its output,
pin 3. When the clarifier is on,
the 1 kHz at TP3 will vary at least
+0.25 kHz with the clarifier control
setting. The 1 kHz reference signal
to the minor loop is provided by Ue,
pin 6. U6, pin 3, drives a three
section RC filter which converts the
square wave at pin 3 into a sine
wave at R25. The lower amplifier of
U7 is simply a voltage follower used
to bias the upper half output at one
half of the supply voltage. Pin 1
of U7 provides the 1 kHz tone out-
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put. Additional filtering of the adjusted by first removing the
o signal is provided by C31 and R24. access screw on the cover. A small
. The frequency of the TCXO Y2 can be screwdriver may then be used to ad-

just the frequency.

S
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J1 v
c1 Crws)
?l el o o @
LS f
[ ] L6 ] C1 4
2 R7
(] is oo,
_OCZS o 3 " SYMBOL DESCRIPTT
i N PART NUMBER oo
-y [RIE qt! ] R18 :
? ] 08
ca3 + 16 Q CR1 Diode, 1N4749A, 24V 600006-411-052
T P4 - [l A CR2-7,CRIS Diode, 1N4148 600109-410-001
q - u CR8, CRLO, CRL4 Diode, 1N270 600052-410-001
M CR9, CRI1 Diode, 1N746A, 3.3V 600002-411-001
n vl CRI2, CRL3 Diode, MV2107 600123-410~004
o |8
& ca = 2 El Terminal 600198-608-006
[ ) J1 Connector, Coax 600198-606-002
. 7 E”J JPl Jumper 600190-608-001 :
§ 1 §
TP6 TPS ;o [+ "] J L1, in L6, Choke, 1.5 H * 600125-376-033
L7, 1
q 38 G p) 13, L5 Choke, 33 M 600125-376-007
I Y Q) | i, o Sk 40 o e
0 . TPz 2 e, MH 6
MATE IN USA (o111 O L10 Choke, 47 WH 600072-376-033
601080-536-003 i} cat - ]°7 L12 Choke, 10  H 600125-376-032
185. € |
REFERENCE HD. EI L ™1 Ql-5, 07, 3 Transistor, 2N2222A 600080-413-001
$ ‘ 1 —L O 6, 08 Transistor, MPS8097 600278-413-001
- - cas
M1 RL Resistor, 4702, 1/4W, 5% 647004-341-075
= WIN\ 1 R2, K7, Rld~ Resistor, 1k, 1/4W, 5% 610014-341-075
16, R18, R20,
R30
R3, B5, RS, Resistor, 2.2k, 1/4W, 5% 622014-341-075
R22, R27
R4, R32, R38 Resistor, 4.7k, 1/4W, 5% 647014-341-075
R8, R21 Resistor, 1002, 1/4W, 5% 610004~341-075
. ) Resistor, 200g, Variable 600072-360-005
g R10, Rl12 Resistor, 62q 1/4W, 5% 662094-341-075
3 REFERENCE BOARD R1l Resistor, 150g, 1/4W, 5% 615004-341-075
i (601080-536-003) R13, R17 Resistor, 1.5k, 1/4W, 5% 615014-341-075
3 R19, R31, R36, Resistor, 10k, 1/4W, 5% 610024-341-075
q R37
R23, R24 Resistor, 100k, 1/4W, 5% 610034-341-075
SYMBOL DESCRIPTION PART NUMBER R25, R26, R28 Resistor, 22k, 1/4W, 5% 622024-341-075
R29, R35
a-clo, €12, Capacitor, 22 £, 25V 600297-314-016 gi, R39 ;xtg;; 332?’1%3,‘:"53% S o0
c14, ¢32, €33
i c13 Capacitor, 27 pf 600269-314-016 ul, U4, US IC, 7415390 600535-415-001
: Q0 Capacitor, 100 pt 610003-306-501 u3 IC, 7415125 600274-415-001
: - €22, C30 Capacitor, 150 pf 615003-306-501 U7 IC, MC1458 600039-415-002 )
c23 Capacitor, .0018 .f 600204-314-041 !
C24 Capacitor, 56 pf 600269-314-024 _
c27, 46 Capacitor, .1 uf, 50V 600226-314-008 W Coax Cable, RG174/U 600215-608-025
el Capacitor, .0022 uf 600204-314-029
c34 Capacitor, .01 yf 600204-314-001 by Crystals 3.99850 iz S 3Tea
c35 Capacitor, .1 uf 600204-314-020 '
c40 Capacitor, 39 pf 600269-314-020
cal Capacitor, 330 pf 633003-306-501
ca2 Capacitor, 1 uf, 250V 600204-314-008
CA3 Capacitor, 47 pf 647093-306-001 &
cl1, cls-18, €26, Capacitor, .0l .f, S0V 600268~314-008 ¢
C28, €29, C36-38, o
c45 . .
Figure 5.37 Reference Board Assembly \
i
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GREATER ARE ] PICOFARADS (pF) , VALUES LESS THAN OME ARE IN
MILROFARADS (uF); INDUCTORS ARE IN  MICROHEMRYS (uH).
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CLAR CTL

Figure 5.39 Synthesizer Block Diagram
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Reference Board

1A1A12

Pin Connections and Voltage Readings

GND

+13 VDC
+5 VDC

+24Y (+2V)
GND

1 kHz Ref. (w/clari., 25 kHz)

CLRS

GND_

GND

GND

1A1A12-J9
(O] 20
O3 40
Os5 60
o7 8O
09 100
O11 120
O13 140
O15 160
O17 180
O19 200
021 220
023 240
025 260
027 280
029 300
031 320
033 340
03 360
O37 380
039 400
O41 420
Q43 440

BOTTOM VIEW

GND

ITT

+13.2 VDC

+5 VDC

50 kHz Ref.

5 MHz EXT. Ref. Input (Not Used)

CLRS

A

1 kHz Out

5 MHz -15 dBm (3rd LO)
GND
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5.19 MINOR LOOP BOARD, 1A1A13

The minor loop, Figures 5.40/41 and
block diagram, Figure 5.39, gener-
ates the small (100 Hz) steps in
the synthesizer. TIts output, a
1.0000 to 1.0999 MHz signal, is the
reference for the translator loop
and comprise the last three digits
of the transceiver frequency.

The VCO, 05, C35, C36, 19 and CR2
through CR6 is a Colpitts oscillator
whose frequency (10.000 to 10.999
MHz) is determined by the DC voltage
at the junction of CR2 and CR3. The
VCO output drives two isolation buf-
fers. The first, 06 and associated
components, drives saturated ampli-
fier 08, whose output drives U7, a
divide~by-10 counter, ‘The minor
loop output is pin 11 of U7. Induc-—
tor L3, which is in series with the
output, slows the waveform transi-
tion times to limit harmonic output.
The second buffer, Q7 and associated
components, feed saturated amplifier
Ql, which drives programmable divi-
ders Ul through U6.

The programmable divider functions
in the following manner: U3, U4, U5
and U6 are parallel - loadable UP/
DOWN counters which are cascaded and
permanently connected to count DOWN.
Counter U6 is the most significant
digit and 1is permanently connected
to load 10 each time its load line
goes low, U3 is the least signifi-
cant. U2 is an array of open col-
lector inverters which have their
outputs connected together to form a
NOR gate. The output (pins 2, 4, 6,
8, 10 and 12) can only go high if
all the inputs (pins 1, 3, 5, 9, 11
and 13) are low. The U2 inputs are
connected so that the output goes
high when the counter (U6-U3) con-—
tains the number 002. To understand
the operation, assume that the coun-
ter has Jjust been loaded with the
number 124, The counters begin
counting down. Because the D input,

7

pin 12, 1is low, pin 9 of Ul (Q)
stays low and pin 8 (Q) stays high.
After 10,000 pulses, U6 underflows
and pin 1 (U2) goes low.

After another 100 pulses, U5 under-
flows and U2, pin 3, goes low.
After another 20 pulses, U4 under-
flows and U2, pin 5, goes low.
After another 2 pulses, pins 9, 11
and 13 of U2 are low, so the "out-
put" of number 002 and the D input,
pin 12 of Ul goes high (this 1is the
programmable divider output pulse),
and pin goes low, again loading U3,
U4, U5 and U6 with the divide num-
ber. The next pulse (number 000)
toggles pin 8 high and pin 9 low.
The cycle can now repeat.

The output of the programmable divi-
der (Ul, pin 9) is fed to the
phase/frequency detector U9, where
it 1is compared with the 1 kHz ref-
erence. If the divider output is
too low in frequency or lagging the
1 kHz reference in phase, the phase
detector output (pin 5 and 10) goes
down. This causes the voltage of
the VCO control line to rise, which
rises the frequency to correct the
error.

The loop amplifier consists of Q2
and Q3, which form a high input im-
pedance inverting stage. The am-
plifier and feedback components (R4,
R5, C27 and C28) form an active loop
filter which determines the overall
loop stability. Transistor Q4, with
componets R7, R8, C29 and C30 forms
and active lowpass filter with a
sharp corner and steep rolloff to
attenuate the reference sidebands.

Components R10, R11l and R12 and C31,
C32, C33 and C34 form a twin T-notch
filter centered on 1 kHz to further
attenuate the first order sidebands.

The loss-of-lock circuitry works as
follows: phase detector outputs pin
11 and pin 4 are normally high with
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nearly 100% duty cycle in a properly
locked loop. This means that the
base and, therefore, the emitter of
*Q9 1is also high, driving pin 12 of
U8 low. This makes pins 2 and 4 of
U8 high so the LED is off. When the
loop loses lock, the duty cycle will
drop at either pin 11 or pin 4 (of
U9). This discharges C53 through
R31 faster than it can be recharged
by R30, so the base voltage of Q9
drops causing pin 12 of U8 to go
high. This turns on the LED and

drives the 1L line low. The pin
number {11 or 4) that goes low in
loss—of-lock depends on whether the
VCO frequency 1is too high or too
low.

An on—-card 8 volt regulator, UlO,
supplies the linear circuits with
clean power.

Table 5.5 lists the minor loop VCO
output frequency and divider input
frequency information.

LAST 3 DIGITS *DC VOLTS

OF FREQUENCY ADJUST AT TP2
000 ) 1.58 TO 1.62
999 3.7 TO 4.9

MINOR LOOP IN LOCK VOLTAGES

* Measurements at TP2 are temperature dependent and should be made at
25°C after radio has operated for 5 minutes with cover and shield

removed.
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TABLE 5.6

MINOR LOOP FREQUENCY INFORMATION

LAST 3

DIGITS OF

RX or TX Voo

FREQUENCY FREQUENCY PROGRAM NUMBER
MHzZz MHz 10 kHz 1 kHz 100 Hz
000 1.0000 0 0 0
001 1.0001 0 0 1
002 1.0002 0 0 2
003 1.0003 0 0 3
004 1.0004 0 0 4
005 1.0005 0 0 5
006 1.0006 0 0 6
007 1.0007 0 0 7
008 1.0008 0 0 8
009 1.0009 0 0 9
010 1.0010 0 1 0
020 1.0020 0 2 0
030 1.0030 0 3 0
040 1.0040 0 4 0
050 1.0050 0 5 0
060 1.0060 0 6 0
070 1.0070 0 7 0
080 1.0080 0 8 0
090 1.0090 0 9 0
100 1.0100 1 0 0
200 1.0200 2 0 0
300 1.0300 3 0 0
400 1.0400 4 0 0
500 1.0500 5 0 0
600 1.0600 6 0 0
700 1.0700 7 0 0
800 1.0800 8 0 0
900 1.0900 9 0 0
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MINOR LOOP
(601082-536) -

SYMBOL DESCRIPTION PART NUMBER
] . LSS OF LotX . e
ITTRAL MM IN UBA 601062-536-001 188 D "2 Q} (c:;c1237c2(1:4-gi;2 Capacitor, .01 uf, X7R 600272-314-003
MINOR LOOP ™s ' ' '

c45, C47, C50,

csl, C53, C56,
57

c20, C24, C26,
c38, C39, C46,
C54, C55

@8, C30

c29

c31-34

c35, C36

C43, C48

c44, C49

Rl, CR7
rR2, CR3
CR4-6, CR8-10

DSl
1, L2, 14-8
L3
L9

Ql, Q6-8
Q2-4, ¥

Q5
(Ql-4, 06-9)

R3
Rl, R26, R30

R2, R15, R25, R33
RS

R6,R14, R31

R7, R8

R9
R4,R18, R22, R28,
R29

-R16, R20, R24

R17, R21
R19, R23

Capacitor, 22 uf, 25V

Capacitor, .22 uf
Capacitor, .033 uf
Capacitor, .1 uf
Capacitor, 68 pf
Capacitor, 2.2 pf
Capacitor, 47 pf

Diode,
Diode,
Diode,

LED
hoke,

Choke,
Choke,

1IN270
MV2112
1N4148

3.3 H
5.6 uH
Variable

Transistor, 2N918
Transistor, MPS8097
Transistor, J310
Transistor Pad, TO-18

Resistor, 10k, 1/4W, 5%
Resistor, 100k, 1/4W, 5%
Resistor, 470q, 1/5W, 5%
Resistor, 30k, 1/4W, 5%
Resistor, 4.7k, 1/4wW, 5%
Resistor, 3.6k, 1/4W, 5%
Resistor, 1k, 1/4W, 5%
Resistor, 2k, 1/4W, 5%

Resistor, 109, 1/4W, 5%

Resistor, 5.6k, 1/4W, 5%
Resistor, 130q, 1/4W, 5%
Resistor, 330, 1/4W, 5%
Resistor, 0g, 1/4W, 5%

Resistor, 1580g, 1/6W, 1%
Resistor, 787q, 1/8W, 1%

Terminal

1.C., 741S74
I1.C., 74LS05
I.C., 74LS192
I.C., 7415193
1.C., 74LS90
1.C., MC4044
1.C., 78MOBHC

Mount,

LED

600297-314-016

600204-314-019
600204-314-012
600204-314-020
600269-314-026
600269-314-002
600269-314-022

600052-410-001
600123-410-009
600109-410-001

600036-390-001

600125-376-006
600125-376-043
600093-512-001

600085-413-001
600278-413-001
600259-413-001
600025-419-001

610024-341-075
610034~341-075
647004-341-075
630024~-341-075
647014-341-075
636014~-341-075
610014~341-075
620014-341-075

610094-341-075
656014-341-075
613004-341-075
633004-341-075
600000-341-075
615811-342-059
678701-342-059

600261-230-001

600113-415-001
600240-415-001
600225-415-001
600122-415-001
600175-415-001
600092-415-001
600526—415-001

600005~635-001

[

v

Figure 5.40 Minor Loop Assembly
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Minor Loop Board

TTT,

1A1A13

Pin Connections and Voltage Readings

- L _ GND
L +13 VDC
) 3 +5_VDC

GND
100 Hz "2"
100 Hz "1"
100 Hz _"4"
100 Hz "8"
1 kHz 2"

o 1 kHz "1"

- 1 kHz "4"
1 kHz "8"

10 khz _"2"

10 kHz _"1"

10 kHz _"4"

10 kHz _"g"

1 -1.1 MHz RF

Logic "0" or 1 L

GND

1AIA13-Jd7

|O]1

O3

O>s

O7

Oo9

O 11
O13
O15
O17
019
021
023
025
027
029
O 31
OKX!
O35
037
039
Oa
043

20
40
6 O
80O
100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
440

BOTTOM VIEW

GND

+13 VDC

+5 VDC

1 kHz Ref.

——— -

L Logic "0" or 1

GND
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5.20 TRANSLATOR LOOP BOARD,
1A1A14

The translator loop board, Figures
5.42/43, provides the 55.530 to
55.6299 MHz signal for use by the
major loop and provides the 54.53
MHz second IO for the receivar/exci-
ter. Also, refer to the block dia-
gram, Figure 5.39.

The second IO signal is generated by
a Colpitts configuration crystal os-—
cillator, 06 and associated com-
ponents. The crystal is a parallel
resonant type and is adjusted on
frequency by trimmer C6l. An uncom-
pensated crystal can be used because
both the first and second 10 signals
are derived from it, so any 54.53
MHz frequency drift cancels in the
transmit and receive frequency,
leaving the overall frequency sta-
bility dependent only on the TCXO
reference oscillator.

The output of the 54.53 MHz oscilla-
tor 1is split into two paths. One
path goes to buffer 95, which drives
mixer Ml. The other path goes to
buffer 97, which provides the 0 dBm
second IO output. The output ampli-
tude can be adjusted to 0 dBm by
C64. Components 113, C39, C46 and
C41 form a harmonic filter.

The translator output is the sum of
the second 1O (54.53 MHz) and the
minor loop output (1.0000 to 1.0999
MHZ) . The VCO, consisting of Ql,
L6, C63, C60 and associated compon-
ents is a Colpitts oscillator whose
frequency is varied by changing the
control 1line voltage at TP6. A
change in the DC voltage here will
change the bias on varicap CR4,
changing the VCO tank capacitance
and thus, the VCO frequency. The
output signal is split into two
paths. One path goes through output
level adjust Cl15, then to cascode
amplifier Q2 and Q3. The cascode
amplifier provides excellent reverse
isolation and a -10 dBm output level

5-114

through harmonic filter L3, L2 and
associated capacitors. The other
path from the VCO goes to buffer M4,
which drives pin 8 of mixer Ml. The
output of the mixer (pins 3 and 4)
is a 1.0000 to 1.0999 MHz signal.
This signal is amplified by a 15 4B
amplifier (08, Q9 and associated
components) and then coupled through
R54 and C57 to lowpass filter L14,
116, C54, C55 and C56 to provide a
100 millivolt o-p signal at TP4.
From here, the signal 1is amplified
by high gain common emitter ampli-
fiers Q10 and Qll to generate a 4
volt p-p waveform for the loop input
to the phase/frequency detector (pin
1), The reference frequency is the
1.0000 to 1.0999 MHz signal from
from the minor loop and is fed to
pin 3 of Ul. Thus, the loop trans-—
lator causes the VCO to generate a
frequency which, when 54.53 MHz is
subtracted by M2, is the same as the
minor loop input frequency.

The output of phase detector Ul, is
at pins 5 and 10 and is a high im-
pedance when the loop 1is locked.
This output is connected to a lead-
lag type active 1loop filter con-
sisting of Ql2, 013, R42, R41, C48,
C47 and R40. The filter output goes
through R43 to TP6. Diode CR7 pre-
vents the voltage at TpP6 from drop-
ping below 4.3 volts and the VCO
frequency from falling below 54.53
MHz, which would cause a false lock.

The loss~-of-lock circuitry works as
follows: phase detector outputs pin
11 and pin 4 are normally high with
nearly 100% duty cycle in a properly
locked loop. 'This means that the
base and, therefore, the emitter of
Ql4 1is also high, driving pin 6 of
U2 low. This makes pins 8 and 10 of
U2 high so the LED is off. When the
loop loses lock, the duty cycle will
drop at either pin 11 or pin 4 (of
Ul). This discharges C43 through
R37 faster than it can be recharged
by R38, so the base voltage of Ql4




drops causing pin 6 of U2 to go
high. This turns on the LED and
drives LL line low. The pin number
(11 or 4) that goes low in loss—of-
lock depends on whether the VCO fre-

T

quency is too high or too low.

An on-card 8 volt regulator, U3,
supplies the 1linear circuits with
clean power.

LAST 3 DIGITS *DC VOLTS

OF FREQUENCY ADJUST AT TP 6
000 L6 5.6 to 5.8
999 L6 5.9 to 6.2

TRANSLATOR IN LOCK LOOP VOLTAGES

* Measurements at TP6 are temperature dependent and should be
made at 25°C after radio has operated for 5 minutes with

cover and shield removed.
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TRANSLATOR LOOP

(601083-536) o,
™2
& Bl D‘l#;l T & —
SYMBOL DESCRIPTION PART NUMBER R a1
_ oy | Cee]O
Cl-5, C49 Capacitor, 22 uf, 50V 600297-314-018 04
c6 Capacitor, 30 pf 600269-314-017 2
c1, ©9 Capacitor, 82 pf 600269-314-028 12 . 5
c8, Cl6 Capacitor, 2.2 pf 600269-314-002 59 e Eg ] .
clo0, c20, c21, Capacitor, 27 pf 600269-314-016 5e Ccai 1 =l ne
c24, €25, C37- 6 RI 18 d N ”-]
Qi-13, 18 Capaci 01 uf, X7R 600272-314-003 Q ‘&5‘21_9-? Crod] RS ™
-13, . citor, . wf, - {3 .
cl9, 23, C26, Crae] 43] ]+ cn&“] i
€29, €30, C35, ‘[ﬁ [ 5 .
36, C45, C48, € [re2] Ecj [ R+ TRANSLATOR LOOP .
c65 & c62 n 0, 2]] 013 §01083-336-001 198 & 4 -
cl7, c27, C34, Capacitor, 47 pf 600269-314-022 R32 — [res] a [5?5?? w
C60, C63 / Ul Ccanl 59 RAL ;
Cl5, Ce4 Capacitor, 3-10 pf, Trim 600052~317-001 C Q9 MACE IN USA s
c22 Capacitor, 470 pf, NFO £ 600272-314-005 R -
C28, C46, C62 Capacitor, 10 pf 600269-314-009 : vl
c31, C32, C33 Capacitor, 75 pf 600269-314-027 44 R
4 Capacitor, 68 pf 600269-314-026 : 3 cs
ca2 Capacitor, .001 ,f, X7R 600272-314-008 3] _cw
c43 capacitor, 1 uf, Tant., 35V 600202-314-007 3 e
C44, C50-53, Capacitor, .1 uf, S0V 600272-314-001 aat Res ;
€57-59 ot | O
C54, C56 Capacitor, 130 pf 600269-314-033 R u2 1? \
55 Capacitor, 160 pf 600269-314-035 3 g
c6l CAPRACITOR, 9-35 pf, Trim 600018-317-004 & 50 ™a
c47 Capacitor, .1 uf, Mylar 600204-314-020 Cced [R67] 3
CR6-8 Diode, 1N4148 600109-410-001 i
R4 piode, MV2109 600123-410-008 i
DSl LED 600036-390-001
11, L5 Choke, 3.3 600125-376-006 :
12, L3 Choke, .1 A 600125-376-028
14, 15, L7, L1l Choke, .47 uH 600125-376-027 R
L6 Choke, .1 H, Variable 600173-376-001
113 Choke, .22 H 600125-376-003
L14, L16 Choke, .56 uH 600125-376-005 SYMBOL DESCRIPTION PART NUMBER )
i
M1 Mixer 600008-455-001 j’
) R9 Resistor, 39q, 1/4W, 5% 639094-341-075
al Transistor, J310 600259-413-001 R28 Resistor, 220Q, 1/4W, 5% 622004-341-075
Q2-7 Transistor, 2N918 600085-413-001 Rl2, R24, R29 Resistor, 5.6k, 1/4W, 5% 656014-341-075 .
22;10' Q12-14 g:ans%s:gr' g:;gg;: gggggg":ig‘ggi Rl4, R16, R33 Resistor, 300g, 1/4W, 5% 630004-341-075 o
ansistor, —-413- R60 |
) RIS, R34 Resistor, 18u, 1/4W, 5% 618094-341-075 )
ﬁ;é R;ﬁszééz Resistor, 102, 1/4W, 5% 610094-341-075 Rl7, R38, RS2 Resistor, 10k, 1/4W, 5% 610024-341-075
s+ R32, . R18, R19 Resistor, 75, 1/4W, 5% 675094-341-075 .
Rié R36, R37, Resistor, 470g, 1/4W, 5% 647004-341-075 20 Resistor, 1208, 1/4W, 5% 612004-341-075
R ) R26, R27 Resistor, 22k, 1/4W, 5% 622024-341-075
R4 Resistor, 4.3k, 1/4W, S% 643014-341-075 R35, R47 Resistor, 330Q, 1/4W, 5% 633004-341-075
R5, R4l, R42 Resistor, 1.5k, 1/4W, 5% 615014-341-075 R44, RA6 Resistor, 100a, 1/4W, 5% 610004-341-075
R51 R4S Resistor, 560k, 1/4w, 5% 656034-341-075
§§§ R2i§ “225 Resistor, 2k, 1/4W, 5% 620014-341-075 R48 Resistor, 3.6k, 1/4W, 5% 636014-341-075
, R43, ' R49 Resistor, 1k, 1/4W, 5% 610014~341-075 .
R59, R63 . R53 Resistor, 20k, 1/4W, 5% 620024-341-075 ol
g;i R13, R22 Resistor, 1309, 1/4W, 5% 613004-341-075 RS54 Resistor, 47, 1/4W, S% 647094-341-075
i R55, R56 Resistor, 200q, 1/4W, 5% 620004-341-075
R8, R10 Resistor, 1509, 1/4W, 5% 615004~341-075 R57, R58 Resistor, 680a, 1/4W, 5% 668004-341-075
R61 Resistor, 5la, 1/4W, 5% 651094-341-075
Rll, R64 Resistor, 0g, 1/4W, 5% 600000-341-075
ul 1.C., MC4044 600092-415-001
u2 1.C., 741S05 600240-415-001
w3 I.C., 78MOSHC 600526-415-001 }
1 Crystal, 54.53 Mz 600163-378-001 -

Figure 5.42 Translator Loop Assembly
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RESISTORS ARE IN OHMS, I/4V, 15%
CAPACITOR VALUES ONE OR GREATER ARE IN
PICOFARADS (pF), VALUES LESS THAN ONE
ARE MICROFARADS( 4 F). : 5-117
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Translator Loop Board

1A1A14

Pin Connections and Voltage Readings

1A1A14-35
GND : 5

+13 VDC %]3 48
Os 6 O
O7 80O
O9 100
(-10 dBm) 55.53-55.6299 MHz O11 120
013 140
O15 160
O17 180
019 200
021 220
028 240
025 260
027 280
029 300
031 320
O3 340
03 360
GND 37 1380
Logic "0" or 1 LL 039 400
(2nd LO) 54.53 MHz -10 dBm 041 420
GND 043 440

BOTTOM VIEW
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+13 VDC

+5 VDC

GND

Minor Loop Input 1 - 1.1 MHz

TC Logic "0" or 1

54,53 MHz -10 dBm (2nd LO)
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5.21 MAJOR LOOP BOARD, 1A1A15

The major loop, Figures 5.44/45,
provides the first local oscillator
(IO) signal (59.53 MHz to 89.53 MHz)
for the first mixer in the signal
patih. The loop itself uses a 50 kHz
reference frequency and generates 10
10 MHz, 1 MHz, and 100 kHz steps.
Smaller step sizes are possible by
stepoing the translator RF input to
the major loop from 55.53 MHz to
55.6299 MHz. The translator loop
takes 100 Hz steps over this range,
which also gives the major loop out-
put 100 Hz steps. The smaller step
sizes are actually generated by the
minor loop, so different step sizes
are possible by changing minor
Refer to the block diagram, Figure
5.39.

The VCO, Q7, is a Colpitts oscilla-
tor with three switched ranges. The
VCO control line is the junction of
varicaps CR7 and CR8 driven through
decoupling choke, I4. The oscilla-
tor covers 59.53 MHz to 89.53 MHz in
three course ranges (see Table 5.6).
This keeps the 1loop gain expression
Kvkp * nearly constant which insures
N

that loop dynamics (stability, set-
tling time) are constant throughout
the range. Range switching is ac-
complished by PIN diodes CR13 and
CR2. The top range has only vari-
caps CR7 and CR8 in combination with
L3 determining the VCO frequency.
In the middle range, CR2 is turned
on, which puts C71 and C73 in paral-
lel with the varicaps. In the low
range, CR2 remains on and CR13
turned on, which adds parallel ca-
pacitors C72 and C74 to the tank
circuit. Diodes CR4, CR5 and CRr6
limit the oscillation amplitude.
Resistor R23 sets the static FET
operating point an unbypassed resis-
tor R13 degenerates the gain slight-
ly to limit high order harmonic pro-
duction.,

WG viookoy

The output of Q6 is taken Ffrom 3:1
broadband transformer L1 (1.7 and 1.8
are similar transformers) and fed to
two additional huffers. Cascode an-
plifiers Q12 and Ql1 provide ex-
tremely good reverse isolation (70
to 80 dB) and feeds mixer Ml.

The first TL[O output is from buffac
Ql. Components 1.9, T1.10, C42, C43
and C77 provide harmonic filtering.
R52 is wused to adjust the output
level.

The translator loop frequency is fed
to pin 1 of mixer Ml and the VCO is
fed to pin 8. The output, on pins 3
and 4, is amplified by Q9 and Q10
and fed to a bandpass filter con-
sisting of U5, I6 and associated
capacitors. The filter passes the
difference frequency of 4 to 33.9
MHz to be further amplified by Q13
and Ql4. Both the Sum FVCO + F’I‘RANS
and difference Fycy — Fppang are
present 1in the mixer output. We
want only the difference frequency.
The output is fed to the clock input
of U8, which is a D flip-flop con-
nected to toggle (-2). Resistors
R44 and R48 bias U8's clock input at
threshold for reliable triggering.
The presence of the -2 1is compen-
sated for by using a 50 kHz (not 100
kHz) reference signal for the loop.

The programmable divider determines
the VQO frequency in the following
manner: the output of the program-
mable divider (U8, pin 9) is always
50 kHz if the loop is locked. The
input frequency (U8, pin 11), then,
is N x 50 kiiz, when N is the pro-
grammed divide number. Working back
up to the VCO: (N x 50 kHz x 2) +

Frrans = Fyco-

The programmable divider functioms
in the following manner: U5, U6 and
U7 are parallel - loadable UP/DOWN
counters which are cascaded and per-
manently connected to count DOWN.
Counter U5 is the most significant
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digit, U7 the least significant. 14
is an array of open collector in—
verters which have their outputs
connected together to form a NOR
gate. The output (pins 4, 6, 8, 10
and 12) can only 490 high if all the
inputs (pins 3, 5, 9, 11 and 13) are
low. The U4 inputs are connected so
that the output goes high when the
counter (UJ5-U7) contains the number
002. To understand the operation,
assune that the counter has Jjust
been loaded with the number 124.
The counters begin counting down.
Because of the D input, pin 12, is
low, pin 9 of U8 (Q) stays low and
pin 8 (Q) stays high. After 100
pulses, U5 underflows and U4, pin 3,
goes low. After another 20 pulses,
U6 underflows and U4, pin 5, goes
low. After another 2 pulses, pins
9, 11 and 13 of U8 are low, so the
"output" of U4, pins 4, 6, 8, 10 and
12 can go high. The counter now
contains the number 002 and the D
input, pin 12 of U8 goes high (this
is the programmable divider output
pulse), and pin goes 1low, again
loading U5, U6 and U7 with the
divide number. The next pulse (num-
ber 000) toggles pin 8 high and pin
9 low. The cycle can now repeat.

The output of the programmable divi-~
der (U8, pin 9) is fed to the
phase/frequency detector U2, where
it is compared with the 50 kHz ref-
erence. If the divider output is
too low in frequency or lagging the
50 kHz reference in phase, the phase
detector output (pins 5 and 10) goes
down. This causes the voltage of
the VCO control line to rise, which
raises the frequency to correct the
error.

The loop amplifier consists of Q5,
Q4 and Q3, which form a high input
impedance inverting stage. The am-
plifier and feedback components (C7,
R12, R11 and C8 form an active loop
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filter, which determines the overall
loop stability. Transistor Q2, with
components R10, R58, Cl2 and (66
forms an active lowpass filter with
a sharp corner and steep rolloff to
attenuate the reference sidebands.
The amplifier and active lowpass are
fed +24 volts fron the reference
board. The +24 volts is needed to
increase the varicap range.

The loss-of-lock circuitry works as
follows: phase detector outputs pin
11 and pin 4 are normally high with
nearly 100% duty cycle in a properly
locked loop. This means that the
base and, therefore, the emitter of
Q8 is also high, driving pin 4 of U3
low. 'This makes pins 2 and 6 of U3
high so the LED is off. When the
loop loses lock, the duty cycle will
drop at either pin 11 or 4 {(of U2).
This discharges C25 through R32
faster than it can be recharged by
R25, so the base voltage of Q8 drops
causing pin 4 of U3 to go high.
This turns on the LED and drives the
LL line low. The pin number (11 or
4) that goes low in loss-of-lock de-
pends on whether the VCO frequency
is too high or too low.

An on-card 8 volt regulator, Ul,
supplies the linear circuits with
clean power.

*While a complete discussion of loop
theory is beyond the scope of this
technical description, the following
is an extremely simplified explana-
tion: the loop response time and
setting time depends on the time
constants of the loop filter compon-—
ents and the loop "gain" KvKp, where
N

Kv is the VCO transfer constant in
Radians/Sec/Volt, Kp 1is the phase
detector constant in Volts/Radian,
and N is the programmable divide
number. Typical numbers for the
major loop might be:




— T

Kv = 3.14 x 106 Table 5.6 lists the major loop VOO
U output frequency and divider program
ko Kp = .44 so KvKp = 11.1 x 103 information.

N

g"] N =124

TABLE 5.7
MAJOR 1LOOP FREQUENCY INFORMATION

FIRST 3
DIGITS OF
g] RX or TX A0 6)
* FREQUENCY FREQUENCY PROGRAM U9 U9
" MHz MHz NUMBER PIN 8 PIN 6 CR13 CR2
.l 1.60 61.13 056
to LOW LOW ON ON
;{"] 5.90 65.43 099
o
. 6.00 65.53 100
: j to HIGH LOW ON OFF
15.90 75.43 199
T
il 16.00 75.53 200
to HIGH HIGH OFF OFF
29.90 89.43 399
€9 FIRST 3 DIGITS
{ OF FREQUENCY MHZ ADJUST DC VOLTS TP2
wd
29.9 L3 18.4 to 18.6
i 16.0 3.6 to 5.00
¢ 15.9 c72 18.2 to 18.7
L 06.0 2.9 to 4.5
05.9 Cc73 18.2 to 18.7
01.6 5.50 to 5.70 .

Major Loop In-Lock Loop Voltage
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Figure 5.44 Major Loop
Assenmbly
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MAJOR LOOP ASSEMBLY
(601081-536)

SYMBOL

DESCRIPTION

PART NUMBER

601081 -536-

MR AP

00

a, c4, 9, clo,
cl4, cl9, C21,
C22, C24-26, C32,
c34, C35, C37,
c4l, C44-59

c2, C3

¢5, C6, C60, C61,
062, C63, C75

c1

e}

a1, c23

c12

cls

Cl6, C28

Cl7, C36, C68,
69, C70

cls, c20, C38,
c64, C67, C76
c27, C31

29

c30

€33, C40, C65
c42

ca3

C66

cn

c72, C13

C4

cn

c39

CR1

CR2, CR13
CR3-6,CR9-12
CR7, CR8

D6l
FB1-3

u, L7, L8
L2, L16

L3

14

L5, 16

L9, L10
1l, L3-15
L12

7

ML

QL, 06, 09-14
Qzl 04' QS
Q3I m

Q7

R55
Rl, R7, RL2,
R22, R24, R31,
R39, R4, R49
R2, R9

R3, R63

R42

RS

R6, R35, R38

R8

R10, R58

R4, R23, R4O
R45, R47
R13, R26, R27,
R29

R14

R15, R19
R16, R43
R17, R59-62
R18, R25

Capacitor, .01 .f, 50V

Capacitor, 47 uf, 50V
Capacitor, 22 uf, 25V

Capacitor, .22 ,f
Capacitor, .015 uf
Capacitor, 1 uf
Capacitor, .001 uf, X7R
Capacitor, 100 pf
Capacitor, 2.2 pf, NPO
Capacitor, 470 pf, NPO

Capacitor, .1 uf, 50V

Capacitor, 18 pf, NPO
Capacitor, 22 pf
Capacitor, 1 pf
Capacitor, 47 pf
Capacitor, 27 pf
Capacitor, 75 pf
Capacitor, .0027 uf
Capacitor, 10 pf
Capacitor, 3-10 pf, Variable
Capacitor, 6.8 pf
Capacitor, 15 pf
Capacitor, .01 uf, X7R

Diode, 1N4728a, 4V
Diode, 5022-3188
Diode, 1N4148
Diode, MV2112

LED
Ferrite Bead

Transformer, 3:1
Choke, 4.7 uH
Coil, Var., .1 H
Choke, 33 uH
Choke, 1.5 H
Choke, .1 uH
Choke, 3.3 M
Choke, 1 4H
Choke, 10 H

Mixer, SLB-1

Transistor, 2N918
Transistor, MPS8097
Transistor, 2N2222A
Transistor, J310

Resistor, 2.7k, 1/4wW, 5%
Resistor, 2k, 1/4w, 5%

Resistor, 3.9k, 1/4W, 5%
Resistor, 47k, 1/4W, 5%
Resistor, lk, 1/4W, 5%

Resistor, 0q, 1/4W, 5%

Resistor, 10, 1/4W, 5%
Resistor, 100Q, 1/4W, 5%
Resistor, 20k, 1/4W, 5%
Resistor, 470q, 1/4W, 5%

Resistor, 5lq, 1/4W, 5%

Resistor, 1M, 1/4W, 5%

Resistor, 220q, 1/4W, 5%
Resistor, 5.6k, 1/4W, 5%
Resistor, 22k, 1/4W, 5%
Resistor, 100k, 1/4W, 5%

600268-314-008

600297-314-026
600297-314-016

600202-314-003
600268-314-011
600226-314-014
600272-314-008
600267-~314-002
600269-314-002
600272-314-005

600272-314-001

600269-314-012
600269-314-014
600269-314-001
600269-314-022
600269-314-016
600269-314-027
600268-314-004
600269-314-009
600052-317-001
600269-314-007
600269-314-011
600272~-314-007

600006-411-001
600144-410-001
600109-410-001
600123-410-009

600036-390-001
600141-622-001

600094~-512-001
600125-376-030
600173-376-001
600125-376-007
600125-376-033
600125-376-028
600125-376-006
600125-376-040
600125-376-032

600008-455-001

600085-413-001
600278-413-001
600080~413-001
600259-413-001

627014-341-075
620014-341-075

639014-341-075
647024-341-075
610014-341-075
600000-341-075
610094-341-075
610004-341-075
620024-341-075
647004-2341-075

651094-341-075

610044-341-075
622004-341-075
656014-341-075
622024-341-075
610034-341-075

Q}EITTRAL HADE IN USA
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SYMBOL DESCRIPTION PART NUMBER

R20, RS7 Resistor, 820q, 1/4W, 5% 682004-341-075
R21, R41, R46 Resistor, 130g, 1/4W, 5% 613004-341-075
R50, R54

R28 Resistor, 330q, 1/4W, 5% 633004-341-075
R30 Resistor, 360g, 1/4W, 5% 636004-341-075
R32 Resistor, 18k, 1/4wW, 5% 618024-341-075
R33 Resistor, 270g, 1/4W, 5% 627004-341-075
R36 Resistor, 4.3k, 1/4W, 5% 643014-341-075
Rll, R37 Resistor, 1.5k, 1/4W, 5% 615014-341-075
R48 Resistor, 620q, 1/4W, 5% 662004-341-075
R51,R53. Resistor, 180g, 1/4W, 5% 618004-341-075
R34 Resistor, 510gq, 1/4W, 5% 651004-341-075
R56 Resistor, 24q, 1/4W, 5% 624094-341-075
R52 Resistor, 100f, Variable 600072-360-004
Ul I.C., 78MOSHC 600526-415-001
u2 I.C., MC4044 600092-415-001
u3, v4 1.C., 74LS05 600240~-415-001
U5, U6, U7 I.C., 74LS192 600225-415-001
us I.C., 74574 600157-415-001
U9 I.C., 74LS26 600221-415-001

Heatsink

600145-419-001

:
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Major Loop Board

1A1A15 o

Pin Connections and Voltage Readings

1A1A15-d3

GND [:]1 20 GND

+13 VDC O 3 40O +13 VDC

— os 80 —mmMm— !
+24 VDC 07 80 +24 VDC

50 kHz Ref. Os 100 GND %

55.53 - 55.6299 MHz -10 dBm j

GND O11 120

013 140 }
O15 160 ]
017 180 1
100 kHz "2" O19 200 |
100 kHz "1" O21 220
100 kHz "4" 023 240 §j
100 kHz "8" 025 260 .
1 MHz "2" 027 280 ?}
1 MHz "1" 029 300 )
1 MHz "4" 031 320 |
1 MHz "8" O3 340 ;J
10 MHz "2" O35 360
10 MHz “1_“_ 037 380 __
Logic "0" or 1 LL 039 400 LL Logic "0" or 1
po O41 420 61.13 - 89.53 MHz 0 dBm (1st LO) f;

043 440 GND

BOTTOM VIEW
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5.22 FRONT PANEL, 1A2
5.22.1 GENERAL

The front panel, Figures 5.47/48,
contains all switches and controls
for transceiver operation. The
microphone connector, 1a2J34, aux-
illary connector, 1A2J35, meter, and
speaker switch are all located on
the front panel. Part of the front
panel asseuwbly includes the front
panel PC board assembly, 1a2a1,
which contains the frequency display
and associated circuitry. The front
panel 1is pluggable to the trans-
ceiver mother board via connectors
1A2328 and 1A2P17 and ribbon cable.
Refer to Figure 5.49 for Resistor
Board A, Resistor Board B and the
Meter Mount Board.

5.22.2 DETAILED DESCRIPTION

The front panel contains all switch-
es needed for the transceiver. It
also provides LED indicators to show
status of the transceiver, a meter
to indicate transmit power or re-
ceive signal level, a phonejack and
speaker for receiver audio monitor—
ing, a key and microphone connector
for transmitter keying and an audio
input.

S7 is the emission mode switch. It
provides mode information in BCD
form. For AME operation, S7 gener-
ates the number 1. A complete table
of numbers (BCD codes) generated by
S7, appears on the schematic dia-
gram, Figure 5.44. It is not active
in the channelized operate mode of
operation,

S8 is a channel switch. It provides
BCD output for channels 1 through
10. The transceiver is in the chan-
nelized mode when S8 is in positions
1 through 10. Position 11 of S8 is

TTT

used to generate a special code
(1011), BCD, number 11, for manual
mode identification. Switches S9
through S14 are connected to the
display digit select output on the
front panel board, so that the digit
being displayed can be changed di-
rectly through UP/DOWN switches dur—
ing the frequency change routine
controlled by the software. The
three digits on the right (10 kHz's,
1 kiz's and 100 Hz's) can also be
changed indirectly by the digit next
to it as a result of carry or borrow
during a frequency change. Switches
S9 through S14 are active only in
the manual mode of operation and are
active in the channelized load mode
of operation only under software
control.

S3 and/or S84 which are located be-
hind the front panel, generates an
interrupt signal for the micro-
processor to guide the program to
the load memory subroutine, and to
load the TX or RX frequency and mode
information from the channel se-
lected by the CHAN/FREQ switch S8
into the static RaM.

517 generates a command for the cou-
pler to perform the tuning proce-
dure.

S6 turns the noise blanker on and
off.

S1 selects the meter to indicate
transmit forward power, or transmit
reflected power. Transmit reflected
power will be indicated only if the
automatic antenna coupler is used,
as the voltage for this indication
is supplied by the antenna coupler.

Rl controls the base voltage of dim-
mer transistor Ql17, on the front-
panel board to control the bright-—
ness of the display and indicators.
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Figure 5.46 Transceiver Front Panel
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FRONT PANEL ASSEMBLY

ITT

(600089-539)
SYMBOL DESCRIPTION PART NUMBER
Ccl, c4 Capacitor, .1 uf 600226-314-008
c2, a3 Capacitor, .001 uf 600189-314-014
CR6 Diode, 1N4148 600109-410-001
Ds3 LED, Green 600116-390-002
DSs4, D67 LED, Yellow 600116-390-003
D65, D66 LED, Red 600116-390-001
J34, J35 Connector, Microphone 600388—-606—001
J3s Coax Cable Assembly 600440-540-016
LSl Speaker 600008-370-001
ML Meter 600034-368-001
P17 Connector, 34 Pin 600389-606-004
P27 Connector, 26 Pin 600389-606—-003
P39 Coax Cable Assembly 600440-540-017
Rl Pot, 5000, Dimmer 600111-360-001
R2 Resistor, 470q, 1/4W, 5% 647004-341-075
R9/S5, R10/S6 Pot w/Switch, 10k, DPST 600110-360-001
R12/S15 Pot w/Switch, 10k, DPST 600109-360-001
Ssl, s2, S16 Switch, DPDT 600287-616-002
s3, s4, S17 Switch, Push~Button 600170-616-001
s7, S8 Switch, BCD 600283~-616-001
59-14 Switch, SPDT 600287-616-002

Figure 5.47 Front Panel Assembly
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RESISTOR BOARD A
(601139-536-002)

SYMBOL DESCRIPTION PART NUMBER
El-11 Terminals 600261~-230-001
R4-R8 Resistor, 2709, 1/4W, 5% 627004~-341-075

!’n'o?“*'
si1te 2%'»1 &

$200] @002
: ;00

RESISTOR BOARD B

METER MOUNT BO.

€01121-536-

METER MOUNTING BOARD
(601121-536-002)

(601140-536)

SYMBOL DESCRIPTION PART NUMBER
CrR3, (R4, CRS Diode, 1N270 600052-410-001
El-14 Terminal 600261-230-001
Rll, R13 Resistor, 100Q, 1/4wW, 5% 610004-341-075
z1, 22 Resistor, pack, 4.7K 600201-537-001

SYMBOL DESCRIPTION PART NUMBER

c3, C4 Capacitor, .01 uf 600272-314-001
DSl Lamp, Meter 600075-390-001
DS2 LED, Red 600074-390-001
cRL Diode, 1N4148 600109-410-001
CR2 Diode, IN751 600002-411-006
psl Meter Lamp 600075-390-001
DS2 TX LED, Red 600074390001
E1-7 Terminal 600261-230-001
R3 Resistor, 240q, 1/4W, 5% 624004-341-075
Rl4, RIS Resistor, 10k, 1/4W, 5% 610024-341-075
Rl6 Resistor, 62k, 1/4W, 5% 662024-341-075
RL7 Resistor, 2.4k, 1/4W, 5% 624014-341~075
ul 1.C., M358 600150—-415-001

Figure 5.49 Front Panel Assembly PC Boards
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5.23 FRONT PANEL BOARD, 1A2A1
5.23.1 GENERAL

This board, Figures 5.46 and 5.47,
receives signals from the 1logic
board to display channel, frequency
and emission modes. A dimmer cir-
cuit is provided to control the
brightness of display through a dim-
mer pot on the front panel. Logic
gates on this board will generate +5
volts to BCD mode switch through the
control of LOAD/OPERATE switch.
LOAD/ENABLE switch, MANUAL/ENABLE
switch and CHANNEL switch. It also
provides display digit select signal
to UP/DOWN switches on the front
panel to generate TO and TI command
during frequency change routine.

5.23.2 DETAILED DESCRIPTION

U4 receives BCD frequency and chan-
nel data from the microprocessor and
converts it into a seven segment
display signal to drive segment
drivers Q18 through Q24.

TTT

A display code signal from the
microprocessor is applied to U3,
pins 1, 2, and 3. U3 decodes this
signal and drives one of eight digit
drivers to turn on one display digit
at a time, The repetition rate of
the display signal is approximately
300 Hz. U2 1is an inverter driver
which provides enough current to
drive digit driver pairs Q1, 9, Q2,
Q10, etc., to be able to sink 700 mA
peak current. Output of U2 1is also
sent to the front panel UP/DOWN
switch ON.

Q17 and associated circuitry is used
to vary the anode voltage to the
displays to change their brightness.

U6 and U7 serve as logic gates to
switch on and off the +5 volts to
the BCD mode switch on the front

panel,

The dimmer output voltage is also
fed to the front panel through P27-2
for the LED indicators.

U5 is used as a switch to turn off

the channel display during the man-
ual mode of operation.

i~

£

H
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FRONT PANEL BOARD

(601089-536) 1
)
SYMBOL DESCRIPTION PART NUMBER
$ Cl-6 Capacitor, .01 uf 600272-314-002
ul cl, 09 Capacitor, 2200 .f, 16V 600297-314-040
08¢ os? 058 0% M @ c8 Capacitor, .1 uf, S50V 600272-314-001
ju} ) d s cio Capacitor, 1000 uf, 16V 600259-314-108
—~rrr & cll, c12 Capacitor, 47 uf, 50V 600297-314-026 :
~re ~ A
o m CRL Diode, 1N270 600052—410-001
& DS1-8 LED, HDSP-3533 600550—415-002
R DS9 LED, HDSP-3530 600550-415-001
w, + ~
8 - o J27 teader, 90° 600174-608-015
o . J28 Header 600174-608—005
- o~ ~
L ) - o e o ae S Q1-16, Q25 Transistor, 2N2222A 600080-413-001
- = Qo b4 ™ Q17 Transistor, MJES20 600220~413-001 ¢
« Q18-24 Transistor, 2N2907A 600154-413-001
O O O = + | | Rii R2, R35, Resistor, 5.1k, 1/4W, 5% 651014-341-075
o R
cie O o cs R3-8, R17, Resistor, 1k 610014-341-075 1
022 02 a2l + © R18 . J’
+ ~ RS-16 Resistor, 82a 682094-341-075
- - R19 Resistor, 1.59, IW 615084-341-325
w7 us " [nes) - R20-26, R43, Resistor, 4.3q 643084-341-075
FAS
()
10 Qe C el ~ S ~ R27, R47 Resistor, 470, 1/4W, 5% 647004-341-075
U,T o (] R28-34 Resistor, 270g 627004-341-075
& K & 5 (m R36-40, R48, Resistor, 91g 691094-341~075
- o & HMAE IN USA RA6 Resistor, 2200 622004-341-075
- 5 s FRQNT PANEL BOARD R4l, R42 Resistor, 1508, 1/4W, 5% 615004-341-075
= - ‘°-'-°99'535g” ul IC, 74504 600316-415-001
& 26 1SS, u2 IC, 741504 600111-415-001
w3 IC, 74LS138 600309-415-001
w IC, 7415247 600524-415-001
us, U7 IC, 74LS02 600118—415-001
U6 IC, 74LS05 600240-415-001 o

Figure 5.50 Front Panel Board Assembly
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T0 FRONT PANEL MECHANICAL

TD MJTHER BD. (T18)

Pi4
PIS
Pl6

+5v

MD 8

MD 4

P
P2

Plb

Front Panel Board Schematic

T27 45
|
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by [ £ |
S 2
FPI3 >'e] o@ ” - A 12
FPIZ > o@ - St N )
16, 3 i
PRI > uz - p ic u3/83 e
! i % [
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FP9 "’: 10 3] 138 . 741502 2 45y j ;Z:(
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| .
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| R 741502 - , :
| pas 2 : SOCKETS FOR DS1-8 ARE 14 PIN, BUT LED 1S 1D PIN; PINS 1,14,7,8 OF
| SIKS v w o2 T, 0 [Z=>0cker me NOT USED ELECTRICALLY. PINS 1€4 oF DS's ARE TIED INTERNALLY.
i
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rris S ! | CRI ’
| . > .
' > e Figure 5.51

5-133




.




Front Panel Board

1A2A1

Pin Connections and Voltage Readings

Dim. Control Out 2.3-5 VDC
TTL High Load Memory TTL
Load Memory Indicator TTL FP2
e TTL High FP8
___ Mode SW Volts In TTL FP6
TTL High Load Memory In FP15
Mode SW Volts In TTL FP4

. Mode SW Volts In TTL FP5
Mode SW Volts In TTL FP7
. TTL High (Freg. Up) TO
_TTL High__(Freq. Down) TI

TTL High:

2.0 Volts Minimum
TTL Low: 0.8

Volts Maximum

[O]1

Os
Os
O7

Oo9

O111
013
O15
017
019
O21
(23
025

BOTTOM VIEW

1A2A1-327/1A2-P27

20
40O
6 O
80O
100
120
140
160
180
200
220
240
260

Dimmer

2-3.5

VDC

T

Fregq.

Up/Down

Input TTL

Freq.

Up/Down

Input TTL

Freq.

Up/Down

Input TTL

Freg,

Up/Down

Input TTL

Freq.

Up/Down

Input TTL

Freq,

Up/Down

Input TTL

+5 VDC

+5 VDC

GND

GND

GND

GND
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Front Panel Board

1A2A1

Pin Connections and Voltage Readings

1A2A1-J28/1A1A1-J18

L o GND [:]1 20 GND
Mode 1 TTL High

—— — O3 40
O s 60O Mode 2 TTL High
e O7 80 Mode 4 TTL High
_ 09 100 ._Mode 8 TTL High
o o1 120 P14 Data TTL(Display)
. Display Data TTL P10 013 140 TO Freg. Up Command TTL High
_ Display Data TTL P10 O15 160 TI Freq. Down Command TTL High
Display Data TTL P11 017 180 P16 Data TTL(Display)
Display Data TTL P12 019 200 P15 Data TTL(Display)
Display Data TTL P13 O21 220 Load Memory
TTL Load Enable 023 240 +5 VDC
TTL Manual Enable 025 260 +5 VDC

BOTTOM VIEW

TTL High: 2.0 Volts Minimum
TTL Low: 0.8 Volts Maximum
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5.24 REAR PANEL ASSEMBLY, 1A3

The rear panel, Figure 5.55, con-
tains the power input, antenna, 600
ohm audio, and accessory connector.
The DC power contactor, power ampli-
fier assembly, 1A3A1, connector
board, 1A3A2, and fuses are also lo—-
cated on the rear panel assembly.
The rear oanel is pluggable to the
transceiver mother board via connec-
tors P20, P24 and P25.

As the rear panel assembly serves to
orovide an interconnection function
between the rear panel connectors
and the chassis/mother board assem—
oly, 1Al, maintenance on this assem-
bly is normally not  required.

Should removal from the transceiver
be required, the four mounting

uuy Voo

screws (two on each side) should be
removed (also remove the one screw
from the bottom cover), and the rear
panel 1is easily detachable as a
unit.

CAUTION

Remove all power from
the transceivar bhefore
attempting to  veinove
the rear panel assem
bly. g

A connector board, Figures 5.5l and
5.52, serves to provide an intercon-—
nection function between the audio
connector, 1A3-J21, the accessory
connector, 1A3-J22, and the mother
board, 1AlIAlAl. Most of the rear
panel RF bypass capacitors are
mounted on this PC assewbly.
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L Y
CONN. BD. -X CONTACTOR
IA3A2 Kl
REAR PANEL ASSEMBLY
(600080-539-002)

SYMBOL DESCRIPTIOH PART NUMBER

CRl, CR2 Diode, 1N4004 600011-416-002

F1 Fuse, 30 Amp 600016-3936-046

F2 Fuse, 10 Amp, Slo/Blo 600006-396-033

J29 Connector, Power 600374-606~-003

J30 Connector, Blower 600377-606-002

J31 Connector, UHF 600373-606-001

(J31) Cable Assembly, Coax 600440-540-011

Kl Relay, Power 600063-403-001

P26 Connector 600389-606-021

(P26) ~ Pin, Connector 600389-606-006

XF1, XF2 Fuse Holder 600014-613-002

1A3A1 PA Assembly, 24V 600407-705-001

1A3A1 PA Assembly, 12V 600407-705-002

1A3A2 Connector Board 602011-536-001

(K1) Bracket, Relay 604381-602-001

(J257/B) Cable Assembly, Ribbon 600879-540-001

(J44) Cable Assembly, Ribbon 600882-540-001 °

Figure 5.52 Rear Panel Interior
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J Figure 5.53 Rear Panel Schematic
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5 v & b ¢ 4 & f s " s \
\ / ® <3
L LI B u T I'
40 N 'D ¢ L
Ty} .
8 39 ‘\‘-—"4 ) ] ] . A M,
J22 M o W4
00 rpp,. -
MaADE
& c2 ¢l RAL musa. P
REAR PANEL, OONNECTOR BOARD
{602011-536-001)
SYMBOL DESCRIPTION PART NUMBER
a, c2 Capacitor, .0018 f 600268-314-002
c3-10 Capacitor, .47 uf 600226-314-012
cl1-14 Capacitor, 10 uf, 25V 600202-314-018
NG Capacitor, .1 uf, 63V 600302-314-013
321 Connector, M.S. 600472-606-003
322 Connector, M.S. 600472-606-001
J25A, 325B Header, 20 Pin 600174-608~004
J46 Header, 20 Pin 600165—608-001
J45 Header, 16 Pin 600174-608-003
J44 Header, 26 Pin 600174608005
sl Switch, P.C. 600205—616-001
21-3 Capacitor, S1P, .1 uf 600380-314-002

Figure 5.54 Rear Panel Connector Board Assembly
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5.25 125 WATT POWER AMPLIFIER
ASSEMBLY, 1A3A1

5.25.,1 GENERAL

The all solid state power aaplifier,
Figures 5.57/58 (24 volts), and
Figures 5.59/60 (12 volts), accepts
the +13 dBm RF drive input from the
mixer assembly, 1AlA5, and provides
a nominal 38 dB gain to produce 125
watts output to the antenna (through

he low pass filters) in the trans—
mit mode. Receilve/transmit signal
paths are controlled by relay K1, to
route the antenna input directly to
the high pass filter, 1alA4, in the
reecive mode. Also contained on
this board are circuits that sense
PA over voltage, over current and
over temperature, These voltages
are fed to the half octave filter
board, 1AlA2, which, via feedback to
the transmit modulator board, 1A1A3,
controls overall transmitter gain,
and power output. Contained also in
this module is a +13.2 VDC regulator
(+24 volt module only) that supplies
regulated +13 VDC to the followiny
boards: 1AlA2, 1AlA4, 1AlA6, 1AlA8,
1A1Al11, 1AalAal2, 1A1Al4, 1AlIAlS and
to the rear panel 1A3~J21 and 1A3-
J22,

5.25.2 DETAILED DESCRIPTION

The RF signal is fed into Pl. R49,
R50 and R51 form a 2 dB 50 ohm at-
tenuator. Therefore, input signals
are reduced in amplitude before
reaching the first amplifier stage.
Tl, Q5 and T2 serve as a +15 dB
power amplifier. Two signals of
equal amplitude and phase are taken
from T2, to drive a push-pull power
amplifier pair, Q6 and Q7. Bias
voltage for Q5 is established by the
voltage drop across R37 and diode
CR3. Output from Q6 and Q7, the
second stage, 1is taken from T3 to
drive the final push-pull output
stage, Q8 and Q9, to the 125 watt
output level,

al viecka,

Bias voltage for the driver, and the
nower output stage is obtained from
13.2 volt regualtor via R45 and R46
to diodes CR7 and CR9. Pots R44 and
R47 provide a means to adjust the
operating points of the driver, and
output stage for best linearity to
reduce intermodulation distortion.
Diocdes CR7 and CR9 are mounted on
the heatsink to orovide temperature
compensation.

T4 transforms the low output imped-
ance of 98 and Q9 to 30 ohms. The
secondary winding of T4 contains two
windings of 2 1/2 turns each, con-
nected in parallel in the group 001
amplifier and a single secondary
winding of four turns in the group
002 amplifier. C49, the capacitor
in parallel with the primary of T4,
and capacitor C28 compensate for
leakage inductance in T4 and provide
high frequency compensation. R14,
R13 and C33 provide feedback for Q5,
and reduce gain at the low frequency
end. R58 and R59 provide negative
feedback from a 2 turn winding on T4
to the bases of 908 and Q9 (24V model
only).

03 and 94 form a differential ampli-
fier to provide DC over current pro-
tection. The voltage drop across R6
is applied to Q4. When current
through R6 reaches a value estab-
lished by the adjustment of R16, a
voltage appears at E5. This volt-
age, when fed to the half octave
filter board, 1Al1A2, is used to re-
duce drive to the amplifier,

Ql and Q2 comprise a 13.2 volt regu-
lator (24 VDC model only). The out-
put voltage is set by the adjustment
of R2. The output current of the
voltage regulator is limited to ap-
proximately 2.0 amps. When the
voltage across R53 begins to exceed
1.4 volts, diodes CR4, CRS5 and CR6
begin to conduct, thereby limiting
drive to Q2 and limiting the 13.2
volts output current.

5-143



ITT

Diode CR8, capacitors C22 and C30,
resistors R33 and R34 are the over
voltage  detector. Any  voltage

change on the collector of Q9 is fed
to the transceiver or exciter, and
when excessive, drive to the ampli-
Eier is reduced.

5.25.4 PA ADJUSTMENTS

Normally, adjustments to the solid
state power amplifier are not re-
quired, If a component replacement
or operation indicates a need for
adjustiments, the following adjust-
ments can be made.

5.25.4.1 Test Set-Up

Terminate the transceiver . output,
1A3-331, in a 50 ohm, 125 watt load.
Install a thru-line wattmeter (bird)
or equivalent) in series with the
output  for these adjustments.
Remove the four screws that attach
the amplifier module to the rear
panel assembly. Carefully position
the PA module in a flat position on
the test bench. Insure that all
wires and harnesses are attached to
the transceiver (Refer to RF pattern
diagram) and that no electrical
short circuit of the exposed PA mod-
ule circuit board or wiring can
to the chassis or other metal ob-
jects. The transceiver power ampli-
fier assembly can be safely operated
in this position for short periods.

5.25.4.2 13.2 VDC Regulator Adjust
(24 Volt Model Only)

Set the transceiver frequency to 5.2

MHz, the mode to USB. Key the
transceiver using the microphone
PTT, but DO NOT speak into the

microphone.” Using a DC voltmeter
connected between E1l and GND, adjust
R2 for +13.2 VDC at El. TUnkey the
transceiver.
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5.25.4.3 Output Stage Bias Adjust

Remove the jumper strap between EL18
and E19. Connect a DC ammeter + to
El8 - to E19. Using the same trans-
ceiver setting as above, key the
transceiver (no modulation) adjust
R47 for the 24 volt PA to 0.15A and
for the 12 volt PA to 0.5A. Unkey
the transceiver and turn off the
oower., Replace the strap between
El8 and E19.

5.25.4.4 Driver Stage Bias Adjust

The transceiver settings are the
same as 5.25.4.2, above. Connect an
oscilloscope across the 50 ohm load.
Connect the audio combiner key box
described in the diagram below,
apply two equal audio tones, 700 and
2300 Hz, and key the transmitter.
The RF output pattern on the scope
should depict the standard two—tone
pattern (similar to an AM modulation
pattern with  100% modulation).
Adjust R44 until the area between

peaks just touches the reference
line.
~ ~— -
/N /N 7 ™\
\ \ \
</ /\/ A/(/ >
\
N2 N4
~ N N

RF PATTERN SHOWING PROPERLY
ADJUSTED PA BIAS

5.25.5 Over Current Adjustment

Change the transceiver frequency to
29.999 MHz, the mode to CW and key
the transceiver., 125 watts should
be indicated on the wattmeter. Ad-
just R16, the over current adjust,
until the output power starts to de-
crease. Slowly adjust R46 until
full power returns. Leave R46 ad-
justed to this setting. Remove
power from the transceiver. Rein-
stall the PA module on the rear
panel assembly.
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V BROADBAND POWER AMPLIFIER .
R39 i (600407-705-001) SYMBOL DESCRIPTICN PART NUMBER
20
Rl, R3 Resistor, 1.3k, 1/4W, S% 613014-341-075 ~
5 Rad Fot, 500 600072-360-006
o SYMBOL DESCRIPTION PART NUMBER M, B Resistor, 270a, 1/2W, 5% 627004-341-205
4 R6, RIO, R33, Resistor, 1k, 1/4W, 5% 610014-341-075
11] n ; R34, R38, R71 i
o a, c, ¢-1o, Cl3, Capacitor, .1 uf, 50V 600226~314-008 e Pot, 5008 600051-360-006
,
r o8 20, 28 g; R7, Rll Resistor, 2k, 1/4W, 5% 620014~341-075 (
Q — 2, oy Sl RS Resistor, 200q, 1/4W, 5% 620004-341-075 i
22 ' Sbatd Bl R9, R13, RI4, Resistor, 1.5k, 1/4W, 5%
= . C66-69, C72, C74 o
= i c3, C5, C52 Capacitor, 100 uf, 50V 600297-314-033 .
> o » &5, itor, 7 Resistor, 220p, 1/4W, 5% 622004-341-075 e
) [ ® O G, Cl7, Cl8, €23, Capacitor, .01 uf 600268-314-008 ‘;312' - resictor! 3 oenr 1§4w: N 6360(1’4_341_075 i
O\—_ x o % R18, R28 Resistor, 10g, 1/2W, 5% 610094~341-205
- " ’ ’ i . -
2 R30 © Cll, cl2, cl4, cl5 Capacitor, .0047 pf 600268-314-007 o R ot resistor, 3722' iﬂw 5 22824“_33_332
~ 19 Capacitor, 51 pf 651093-306-501 et r 2.20, ’
c25, C39, C44 Capacitor, 1.0 uf 600226-314-014 . _
ox n 28 Capacitor, 36 pf 636093-306-501 R25 Resistor, 4.7, 1/24 647084-341-205
23 = i R26 Resistor, 3602, 1/2W, 5% 636004-341-205
P €37, o6l Capacitor, 470 pf 600210-314-040 osd e iotor, took 2 R
[cia Ao, a3 Capacitor, 330 uf, &V 600202-314-052 R29, R43, RS4, Resistor, 10k, 1/4W, 5% 610024-341-075
- c70 Capacitor, 1-9 pf, Trimmer 600052-317-001 2
gg Cac‘.‘paz:z:_ §§° pf 25y 23(2)(2’83: 3?2:3% R31 Resistor, 5la, W, 5% 651094-341-325
pacitor, 22 ut. R35 Resistor, 2202, 1/2W, 5% 622004-341-205
. _ R36 Resistor, 1k, 1/2W, 5% 610014-341-205
~ i D Inivaenr 3.8V o R39, R42 Resistor, 220, 1/4W, 5% 622094-341-075
et 200, ’ R40 Resistor, 100, 1/4W, 5% 610004-341-075
5 Diode, KS1001 600179-410-001 . ,
o CR4, CRS, CR6, CRT Diode, 1N4001 600011-416-005 r45 Resistor, 22a, W, 5% 622094-341-325 ]
3 e\ » B T Loy R46 Resistor, 25a, 10W, 5% 600097-340-250
c20 CR8 Dicde, 1N4751A, 30V 600006-411-054 R47 Fot, 500 €00072-360-003 g
o a2 Dloder IaTaA 3.1V S Ao o0 R49 Resistor, 33a, 1/2W, 5t 633094-341-205
' ' R50 Resistor, 30Q, 1/4W, 5% 630094-341-075
R52 Resistor, l0g, 2W, 5% 610094-341-425 .
- ITT 2 Connector, PCB Goax 600385-606-001 R51 Resistor, 33g, 1/4W, 5% 633094-341-075
o RAL R53 Resistor, 0.56a, 2W, 1% 600057-340-005
2 |601192-536 ~ o —= m K, K2 Relay, DPOT, 12V 600073-403-003 R55 Resistor, 5lk, 1/4W, 53 651024-341-075 \
-00__ ISS = 2 Choke, RE, 4.7 o ——— 1’7 Resistor, 100k, 1/4W, 5% 610034-341-075
, 4. : -341-
e m ” Toried, 11 i, o7 600145513001 rSe. RS9, R62, Resistor, lp, 1/4W, 5% 610084-341-075 Ny
16, L8 Choke, 15 600072-376-027 ,
m v Choke, 35 yH, 9T 600146-513-001 R0, R61 Pot, Lk 600051-341-075 |
= 9 oLl 1 600034376001 R4 Resistor, 4.7k, 1/4W, 5% 647014-341-075 \
o 10 il Ve Det £00138-212-001 R70 Resistor, 3009, 1/4W, 5% 630004-341-075
cas ©m M 3 Choke, RF. 5.6 i 600125-376~043 R6 Resistor, .05q, 10W 600009-340-017 -
I LZCE | r D oew - 0 P R58, R59 Resistor, 100g, 2W 610004-341-425 -
csa b . ;
d @ w .
Er2d o Transistor, 2N2219A 600082-413-001 . s
m Q r"l o o (1) Transistor Pad, TO5 600017-419-001 RT1 Thermistor Assembly 600365—713-001 .
O = S 2 [= 3 Transistor, 2N2907 600154-413-001 g
> L4 (03) Transistor Pad, T018 600025-419-001 2 Transtormer, Jore PSSP .
<« o m - Q2 Transistor, MJE1102 600219-413-001 k5 ot oo foomer 800266622002 s
i b > 0 %, 06, Q7 Transistor, BIV20 600273-413-001
2 %) — 8, Transistor, SD1407 641320-542-009 o L.C., 1M393 600486-415-001 .
» W -
p s g; p Pl, P3 Connector, PCB Coax 600198-606~002 U2 I.C., IM324 600171-415-001 |
p i 1, XK2 Relay, Socket 600108-419-003 :
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E RS2 Ll
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3 RS4 ™
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cs, €52
c6, Cl1, Cl2,

cl4, C15, C33-35,
c45, C68

a1, @9, co, a3,
cl6, Cl8, C20,

@6, C31, C32, C53,
59, C60, C62, C63,
c64, C67, C69, CI2,
4

a9

@1

@3

€25, C30, C44

28

c37, C6l

ca0, c43

C49, C54

Cs8

cr0

cn

c13

CR3
7
CR8
CR9
CR11, CR12

Pl, P3

Capacitor, 100 uf, 50v
Capacitor, .01 yf
Capacitor, .1 uf, 50V

Capacitor, 150 pf
Capacitor, 1500 pf
Capacitor, .001 pf
Capacitor, 1.0 uf
Capacitor, 36 pf
Capacitor, 470 pf
Capacitor, 33C¢ uf, 6V
Capacitor, 820 pf, Mica
Capacitor, 20 pf
Capacitor, 1-9 pf, Trimmer
Capacitor, 220 pf
Capacitor, 22 uf, 25V

Diode, KS1l001
Diode, 1N4004
Diode, 1NA745
Diocde, IN4733A, 5.1V
Diode, 1N4148

Connector, PCB Coax
Relay, DPDT, 12V

Choke, RF, 4.7 8
Coil, 1 \H
Toriod, 11 H, 5T
Choke, 15 H
Choke, 35 uH, 9T
Coil, 1 MH

Coil, VSWR, Det.

Connector, PCB Coax

600297-314-033
600268-314-008
600226-314-008

615003-306-501
615013-306-501
600189-314-018
600226-314-014
636093-306-501
600210-314-040
600202-314-052
682003-306-501
600269-314-013
600052-317-001
622003-306-501
600297-314-016

600179-410-001
600011-416-005
600006-411-018
600006-411-006
600109-410-001

600385-606-001
600073-403-003

600091-376-001
600125-376-040
600145-513-001
600072-376-027
600146-513-001
600034-376-001
600138-512-001

600198-606-002

Figure 5.59
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12 Volt Broadband Power Amplifier Assembly

a3
(Q3)
0]

Q6, Q7
ml m

R6
Ra4

R7, Rll

R8

R9, R13, Rl4, R17
R10, R37

R12, RIS

R16

R18, R25

R19, R22

R21, R23, R24, R30
R26

R29, R43, R54, R56
R31

R6, R33, R34, R38,
R71

R35

R36

R39, R42

R40

R45

R46

R47

R49

R50

R51

R52

R55

R57

R60, R61

R64

R70

RT1

T2
T3
4

ul
02

XK1, XK2

Transistor, 2N2907
Transistor Pad, TO18
Transistor, BLV20
Transistor, MRF433
Transistor, SD1487

Resistor, .025q, 10W
Pot, 5000

Resistor, 2k, 1/4W, 5%
Resistor, 200Q, 1/4W, 5%
Resistor, 1.5k, 1/4W, 5%
Resistor, 220q, 1/4W, 5%
Resistor, 3.6k, 1/44, 5%
Pot, 500Q

Resistor, 10q, 1/2W, 5%
Resistor, 220q, 1W
Resistor, lq, 1/4W, 5%
Resistor, 3609, 1/2W, 5%
Resistor, 10k, 1/4W, 5%
Resistor, 5la, W, 5%
Resistor, 1k, 1/4W, 5%

Resistor, 220qQ, 1/2W, 5%
Resistor, 1k, 1/2W, 5%
Resistor, 10, 1/4W, 5%
Resistor, 100q, 1/4wW, 5%
Resistor, 22q, 1W, 5%
Resistor, 25Q, 10W, 5%
Pot, 509

Resistor, 33q, 1/2W, 5%
Resistor, 309, 1/4W, 5%
Resistor, 33q, 1/4W, 5%
Resistor, 4.7k, 1/2W, 5%
Resistor, 51k, 1/4W, 5%
Resistor, 100k, 1/4W, 5%
Pot, 1k

Resistor, 4.7k, 1/4W, 5%
Resistor, 51q, 1/4wW, 5%
Thermistor Assembly

Transformer, Core
Transformer, Core
Qutput Transformer

I.C., IM393
I.C., IM324

Relay, Socket

600154-413~001
600025-419-001
600273-413-001
600342-413-101
641320-542-010

600009-340-049
600072~360-006
620014-341-075
620004-341-075
615014-341-075
622004-341-075
636014-341-075
600051-360-006
610094-341-205
622004-341-325
610084-341-075
636004~-341-205
610024-341-075
651094-341-325
610014-341-075

622004-341-205
610014-341~-205
610094-341-075
610004-341-075
622094-341-325
600097-340-250
600072-360-003
633094-341-205
630094-341-075
633094-341-075
647084-341-205
651024-341-075
610034-341-075
600051~360—-007
647014~-341-075
651094-341-075
600365-713-001

600266-622-002
600266—-622-001
635113-507-001

600486-415-001
600171-415-001

600108-419-003
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SECTION 6
OPTIONS AND ACCESSORIES

6.1 POWER AMPLIFIER FAN OPTION

The Power amplifier (PA) option is
required whenever FSK (RTTY) data is
transmitted for an extended period
of time. The fan is installed on
the rear panel, 1A3, over the PA
heaksink, 1A3Al, utilizing the four
(4) mounting screws that are used to
secure the power amplifier module to
the rear panel. Electrical connec-
tions to the fan are made via a
wiring harness and plug to mating
connector 1A3-J30, in the rear
panel,

6.1.1 TECHNICAL CHARACTERISTICS
6.1.1.1 Operating Voltage

+11.2 to +14 vDC, and +22.4 to +29
vC

6.1.1.2 Fan Type

Brushless DC, 12 VDC, 4W nominal, 41
CMM air flow

6.1.1.3 Fan Control
ON/OFF
6.1.1.4 Temperature Sense Element

Remote sense thermistor (part of PA
assembly)

6.1.1.5 Temperature Sense Adjust
Range

1 to 4 VDC, +15%
6.1.2 TECHNICAL DESCRIPTION

The PA fan option is designed to
provide additional cooling to the PA

information supplied by a thermistor
mounted on the PA heatsink (part of
PA assembly). The circuit automat-—
ically supplies the proper operating
voltage for the £fan (12 VbC) on the
12 or 24 VIC transceiver. Refer to
Figures 6.1 and 6.2,

The fan operates automatically when
the PA heatsink temperature rises to
approximately 60°C (140°F), The
heart of the circuit is Ul, an IM339
quad comparator, which is powered by
U2, a monolithic 8 volt regulator.
U2 always produces an 8 volt output
with input voltages from 10 to 30
volts. Comparator UlA determines
the switching temperature by com-
paring the voltage from the remote
thermistor which is applied via Rl
to Ul, pin 4, to the "temperature
threshold set" voltage applied to
Ul, pin 5. When the voltage on Ul,
pin 4, becomes greater than the vol-
tage on Ul, pin 5, UlA switches and
the output voltage on Ul, pin 2,
becomes low, which reduces via CR3,
R5 and R6, the "temperature thresh-
old set” voltage applied to Ul, pin
5. This provides a hysteresis,
which prevents the circuit from re-
verting to its original condition
until the PA heatsink temperature
decreases (voltage applied to E3
increases).

UlB is connected as an inverter for
the output of UlA, and drives tran-
sistors Q1 and Q2, which is used as
a switch connected in series with
the fan motor. Resistors R8 and R9
form a voltage divider to supply +4
volts to UlB, UlC, and UlD. Ulc
provides a 1 second delay following
transceiver power on, inhibiting fan
operation during this time.
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Figure 6.1 P.A. Fan Assembly

}
SYMBOL DESCRIPTION PART NUMBER !
c1, C3, C6 Capacitor, .l .f 600272-314~008 \
c2 Capacitor, 47 pf, NPO 600269-314-022 §
c4, C7, C8 Capacitor, 22 uf, 25V 600297-314-016 i
cs Capacitor, 22 ,f, 50V 600297-314-018 !
CRl, CR3 Diode, 1N4148 600109-410-001 \
]
El-5, TPl, TP2, Terminal, Small 600261-230-001 !
TP3 '
E6, E7 Terminal, Large 600260~230~001
1, Q3 Transistor, 2N2222 600080-413-001 !
Q2 Transistor, 2N5294 600178-413-001 o
(0} Transistor, MJE-2955 600289-413-001
Rl, RSy R7-9, Resistor, 10k, 1/4W, 5% 610024-341-075
R12 ‘
R2 .~ Resistor, 0q, 1/4W, 5% 600000-341-075 1
R3 Resistor, 200q, Pot. 600063-360-005 !
R4 Resistor, 4709, 1/4W, 5% 647004-341-075
R6 Resistor, 75k, 1/4W, 5% 675024~341-075
R10, R15 . Resistor, 2.2k, 1/4wW, 5% 622014-341-075
Rl1l, R17 Resistor, 1k, 1/4W, 5% 610014-341-075 i
R13 Resistor, 20k, 1/4W, 5% 620024-341-075 5
R14 Resistor, 6.2k, 1/4W, 5% 662014~341-075 -
R16 Resistor, 620q, 1/2W, 5% 662004-341-025
R18 Resistor, 68g, SW 600062-340-047 HW
ul IC, IM339 600324-415-001 ‘ }
U2 IC, 78M08 600526-415-001 .
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This delay allows voltaye transients
to dissipate so that the correct DC
input voltage range switching de-
cision can be made before power is
applied to the fan.

This decision 1is made by UID, by
comparing a sample of the DC input
voltage applied to pin 8 via R13, to
the +4 volt reference applied to
pin 9. The 1input voltage must be
greater than +17 volts before the
output of UlD, pin 14, will go low.
With less than +17 volts DC input at
El, the output of UlD is high. This
causes Q3 to conduct, thereby caus-
ing 4 to conduct, which applies the
full 1input voltage at El1 to be
applied to the fan.

If the DC voltage at E1 1is greater
than approximately +17 wvolts, the
output of UlD goes low, turning off
Q3 and 4. This, in turn, places
R18 in series with the fan, effec-
tively supplying the correct opera-
ting voltage to the fan.

6.1.3 INSTALLATION, OPERATION, AND
ADJUSTMENT

Installation of the PA fan assembly
consists of mounting the assembly on
the PA heatsink utilizing the four
(4) mounting screws that secure the
PA module to the rear panel assem-
bly, 1A3. Remove all power to the
transceiver before attempting to
mount the fan assembly. Remove the
four screws that secure® the PA
heatsink to the rear panel. Mount
the fan assembly per Figure 6.3,
using the same hardware. Engage the

TIT,

comnector plug from the fan assembly
into accessory connector 1A3-J30.
Lock into place by twisting the
outer locking ring.

An adjustment 1is reguired on the
Half oOctave Filter board, 1AlA2,
Remove the top cover and shield fron
the transceiver.,

Adjust R18 on the Half octave Filter
Board, 1AlA2, fully clockwise.
Replace cover and shield. Adjust R3
fully counterclockwise. (Accessible
through a hole in housing-raference,
Figure 6.3.)

To verify proper fan operation, the
transmitter must be keyed into a 50
ohm load (CW mode) at 26 MHz. After
transmitting for 30 seconds, adjust
R3 on the Fan Aassembly clockwise
until the fan operates. Use cau-
tion, as 'the heatsink can cause
burns.

If it is desired to change the temn-
perature threshold of [fan operation
due to abnormal circumstances, R3
may be adjusted clockwise to in-
crease the threshold and counter-
clockwise to decrease it.

Once installed, fan operation is
automatic. When the PA heatsink
temperature rvrises to approximately
60°C, the fan will operate, increas-
ing air circulation around the PA
heatsink, thereby lowering the heat-
sink temperature. When the heatsink
temperature has been lowered to a
point below that originally required
for fan activation, fan operation

ceases.




TTT

6.2 REMOTE OPTION
6.2.1 GENERAL

The transceiver may be supplied with
a factory installed Remote Option
P/N 600219-700. For more detailed
information, refer to the MSR 6400
Manual, Publication No. 600250-
823-001.

6.2.1 REMOTE CONTROL INTERFACE
BOARD, 2A1A3

This PC Board Assembly is installed
within the remote controlled trans-
ceiver, and is mounted on the front
panel assembly, 1A2, between the
front panel board, 1A2A1, and the
logic board, 1AlA9. (Refer to Fig-
ure 6.6.) Contained on this board
are circuits which allow signals to
and from the logic board, 1AlA9, to
be routed to the transceiver front
panel, or to the rewmte control
unit. This allows frequency, chan-
nel, and mode data to the trans-
ceiver to be from the 1local or
remote source. The assembly drawing
and schematic diagram are shown in
Figures 6.4 and 6.5. Circuit opera-
tion is as follows.

Ul is a tri-state buffer that is
enabled in local mode operation of
the transceiver, so that channel and
mode data can be sent from the
transceiver front panel, 1a2,
through Ul, to the logic board,
1a1A9, When in remote operation,
(transceiver mode switch is in posi-
tion 8) Ul is inhibited, and its
output impedance is high.

U2 and Ul2 are tri-state output four
bit receivers, which receive channel
and mode data from the remote con-
trol unit. When Ul 1is inhibited,
and at the end of a display period,
U2 and Ul2 will be enabled and will
transfer channel and mode data from
the remote unit, 2al1, to the logic
board, 1Al1A9.

6-6

U4 is a dual four bit tri-state buf-
fer, with opposite enable polarity.
It 1is used to combine the four bit
mode and frequency display informa—
tion. During the frequency display
cycle, pin 14 of line decoder U5 is
high. Output pins 3, 5, 7, and 9 of
buffer U4 are enabled, connecting
frequency display data FDl, FD2,
FD4, and FD8 to the inputs of U3,
pins 2, 4, 6, and 8. At the end of
the frequency display cycle, U5,
pins 14 will go low, enabling U4
outputs, pins 18, 16, 14, and 12,
which then transfers mode display
data MDl, MD2, MD4, and MD8 to U3,
pins 2, 4, 6, and 8.

U3 is an eight bit tri-state buffer
used to combine display data and the
display code, for the remote display
of frequency and mode. Input pins
2, 4, 6, and 8 are for frequency
display data, and pins 17, 15, and
13 are inputs for the three bit dis-
play code. U3 is enabled in the
remote control mode of the trans-
ceiver, and during a display cycle.
At the end of a display cycle, all
display data bits (FDl, FD2, FD4,
and FD8) are high, thereby back
biasing diodes CRl1, CR2, CR3, and
CR4. This causes NAND gates U6A,
U6B, and U6C to inhibit U3, (logic
"1" on pins 1 and 19) and to enable
U2 and Ul2 (logic "1" on pin 12).

The seven Dbit data channel of the
remote control system is therefore
bi-directional. During the display
cycle, the data direction is from
the logic board, 1AlA9, to the
remote control, At the end of the
display cycle, for approximately 1.5
milliseconds. The data direction is
from the remote control to the logic
board, 1AlA9. This is controlled by
diodes CRl, CR2, CR3, and CR4, and

NAND gates U6A, U6B, and U6C. Dur—"

ing a display, at least one of the
diodes (cathode) will be 1low, caus-
ing U6A, U6B, and U6C to enable U3,
and inhibit U2 and Ul2.

v-\j\\(
{
|




P ] s P riasaiar
b ik a &

H i
E—

oty

it
—

eweiza vy

KA

R Al R
procoe

,4

Data direction is now from the
transceiver to the remote ocontrol
unit. This cycle repeats approxi-
mately 300 times per secord.

U9 is a DC amplifier to amplify the
"FORWARD POWER" indication signal
from the transceiver to 3.5 volts
maximum.

The output of U9 is applied to U0,
an analog switch, that is turned on
by U8A during transmit. The "FOR-
WARD POWER" signal, "PFD" is then

TTT

sent to the remote unit for applica-
tion to the TX LED circuit. When
Ul0 is enabled, U7 is inhibited, the
"PFD" signal therefore cannot be
applied to the logic board, 1AlA9,
in conjunction with the £frequency
down signal TI, which shares the
same interface line with the "PFD"
signal.

Ql, Q2, and Q3 are used to detect
and convert REMOTE, PTT, TUNE, and
NOISE BLANKER commands to compatible
transceiver commands.

6-7
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INTERFACE BOARD

(601220-536)

SYMBOL DESCRIPTION PART NUMBER )
uz ul : ‘
UL — il m - c1-8, C17 Capacitor, .1 yf 600272-314-001 o

-2 4 [ 7] o Capacitor, 1 uf, SOV 600259-314-001

Ja)y ™
Ul v ) o -J = C10 Capacitor, 150 uf, 10V 600297-314-035
x cll, c12 Capecitor, .01 .f, 50V 600268-314-008 . 1
7] ([} 4 E] Capacitor, 10 uf, 16V 600259-314-008 |
ulo 1 ] 1 clé Capacitor, 47 uf, 10V 600297-314-024 o
8 vi2 O
o] uao l Ju N J%0 CR1-5, CR10, Diode, 1N270 600052-410-001 .
™ ™ yoTTTTTTTeeeseses seTsmeses ‘. CR12-14
Ecﬁz "E’ : -5 - Somosmomomessmoees R 7, CR8 Diode, 1N4148 600109—410-001 |
- o

7 %2 E: J40 Connector, 34 Pin 600174608016
(e ) (an Jal Connector, 34 Pin 600174-608-006 )
C7 ': o~ J42 Connector, 26 Pin 600174-608—005 W
u 3] v e 343 Connector, 20 Pin 600174-608—004 |
u i

s o 5 Ql-3, 056 Transistor, 2N2222A 600080-413-001

8] Q1-3, 05-6) Transistor Pad 600025—419-001
[ M) - INTERFACE B0. Transistor, PN2222A 600080-413-003 3
- - !
601220-536-001 ISS — Rl, R2, RS, Resistor, 10k, 1/4wW, 5% 610024-341-075 i

ue MADE IN USA R16, R18,
_ o

Ré Resistor, 3.3k, 1/4W, 5% 633014-341-075
- ] R1, R8, RIS Resistor, lk 610014~341-075 !
ur 'O . - Resistor, 51k 651024-341-075 |
Q} & os R10, R13 Resistor, 5.1k, 1/4W, 5% 651014-341-075 :

e Q2 O - P + R9, R12, Rl4 Resistor, 2k, 1/4W, 5% 620014-341-075
ol =g .
E‘ - et ? PR’ ul, U3 IC, 74LS244 600282-415-001 i
| & E,c" ch & ¥, eE w2, Ul2 IC, 261532 600426-415-001 !

cie &L cs v, U7 IC, 7415241 600311-415-001

os Us IC, 7415138 600309~415-001

U6 IC, 741500 600114-415-001

us IC, 741504 600111-415-001
v IC, LM324 600171-415-001

ulo IC, MC14066 600186-415-101

Figure 6.4 Remote Control Interface Board Assembly




o
$
A\
Lo

s Tt T
S B -

gt

procarsoy
¢ )]

P [
[— (SO [R—

TTT

9]:)
5 &
RIS
TaLs04 CRZ +EV —WWA—¢ 2N2222A R cRi4
WNZ10 K 06 S IN270
ue R\®
Qa ]
10¥ X Ri4 » G2
3 4 AMA- Phzze2A RIZ ca 22224 Qo
S a3 |2x ' 150
74L.504 2N2222A 50V 10V
; 9—105 ] RI3 é .J43
J40 IN2222A 5.1k r 25 TX AUDIC A/ TUNE
e (JI:J cR7 CRB i:ij‘ RX AUDIO B/ CLR EN
ball | V]
Ne (10t g TR rg—z TX AUDIO B/ N.B.
TUnE ‘"ﬁ|_ Cns ( o R4 I? PTT | POWER OM
agy  ( — > o —AW- 23 Ry AUDIO A/ CLR Y
m { IN2T7C \0 10X 14 —_—
Waov (A A rq>  RERDY
, *5V .
S o s
LY ' ~a S1K ‘
pPEO € 77 l
T 13 RS ua > 1 BTT
% cz ok 3, < vo | — Tt PTT
I C Q-! +5V |
0.\ +5V i MC12066 |
I +8Y ——] ! e |
w elal 741502 ; |
| 20 ¢ 1 ; |
14 18 3 2 ; 1
M) <_zal ¢ 14 B y2  |a 72> ©®0
M2 ‘25 IEY 2 5 o 737 OBy
M54 & vl 261532 2> DB2
<MY 4 e 1 10 a3 o2
PN 15[7415244 (5 =7
cne (£ - => DBA
cva (Bl 8 2 "o,
cwe (2 i 2 EI¢
ne 2 3 o ——> DBb
f A L +85 T\ FREG DN/ TA LED
: ] 12 i ]
1 2 v c3 1" [jWV‘—? cn ——t—35 -0 Frea wP
| crIo o 3 \4 NIC (——,_; 3 ue , Ol i CH |
| CRY 10K 5] 2 e 18)iohiai2) 3] 5)1]a O.1 5
L AAA—— TALSOO
|1N270 sV ne ] zeLsn fio = us 2
LK +SV 5
‘ \ 7415244 7
' A 0AE ' :L
<“‘ 2] af g T ) ’S‘V 16 i
¢ 26, /J7 2
22! +sv 8] 781500 +5V €5 L
o Co Y ! " 0.1 us P2
€ l e
\' :g ve 233 T R nasns| Y
& g.1 va 1Q
(: ) L300 0 7418241 X 14 5
Yo 1S
< T ) vo 4] ] ﬂnuzacs
< i R2 74L800 2> wos
.5 +5V VAA~ r‘) MD4
\—41 10K : Ly MD2
< CRIY CRaY CR3Y CRe < &5 o
ol IN270[IN270 [IN270| IN270 T21 |
. ~5> Foe
B }23  fpa
Dl H1y o2
onD . 133
L Tis =D
; —% .
1 R I N N s A 267 +
A ~| ol o u PGFQ%’ON"O 99’."’”":"'&"% . FERE
\-’A\ ¢ A 2 4 y¥ v v v ‘\:’h\'/“i"ﬁfs\l A4 \Lr:/“:/ ~ “: '\: ‘\:’_ %%i \”:f W\
ENE B z
N NNTITII
) 73%320000¢% Eg:“;&t UNUSED GATES
& v ol ¥ &
(s}
L) 8
T4LS04+ Figure 6.5 Remote Control Interface Board Schematic
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